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Professor John Durnin in itia ted  th is  work by his interest in the 
e ffec ts  of aging on energy requirements. Prior to joining his 
research unit I collaborated with him in a study of the comparative 
energy requirements of middle aged and young women.
After I joined his unit I took a major part in planning and carrying 
out the series of studies which became my special responsibility and 
are the subject of the th esis.
The planning decisions included those concerned with the selection of 
appropriate groups, the recruitment of subjects and technical s ta ff , 
the implementation and the f ie ld  of the chosen methods of measurement 
of food intake and energy expenditure, the maintenance and calibration  
of equipment and the choice of methods of data analysis.
Throughout the series I had responsibility for and personal detailed  
knowledge of a ll  components of the f ie ld  work. I also trained a l l  new 
members of the team of investigators, who were usually d ie titian s, to 
ensure uniformity in collection of data.
I was a jo in t author under my maiden name, Blake, with Professor 
Durnin and others of six  papers which reported the findings of some of 
the studies.
The new analysis and interpretation of the original raw data which is  
presented in th is  th esis  was wholly planned and executed by me.
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T he p r in c ip a l  aim o f th is  th e s is  is  th e  c la r if ic a tio n  o f some r e la ­
tio n sh ip s  b e tw ee n  o c c u p a tio n , e n e rg y  e x p e n d i tu r e ,  p a t te r n s  o f p h y s ic a l 
a c t iv ity  an d  e n e rg y  an d  n u tr ie n t  in ta k e  o f g ro u p s  o f healthy,, f re e - l iv in g  
men an d  women ag ed  b e tw een  50 an d  75 y e a r s .  A s u b s id ia ry  aim is  to  
rev iew  th e  f in d in g s  o f th e  r e s e a r c h  in  th e  l ig h t o f c u r r e n t  n u tr i t io n a l  
c o n c e p ts , m ost im p o r ta n tly , th e  c o n c e p ts  d ev e lo p ed  in  th e  FAO/W HO/UNU, 
(1985) E x p e r t C o n su lta tio n  on E n e rg y  an d  P ro te in  R e q u ire m e n ts .
When th e  r e s e a r c h  b e g a n > n a tio n a l a n d  in te rn a tio n a l  food an d  po licy  
d ec is io n s  c o n c e rn in g  th e  n u tr i t io n a l  re q u ire m e n ts  o f th e  age g ro u p  h ad  
to  b e  b a s e d  la rg e ly  on  in te ll ig e n t g u e s sw o rk . T he Food an d  A g ric u ltu re  
O rg an iza tio n  (FAO) Com m ittee on C alorie R eq u irem en ts  (1957) s ta te d  
th a t  " p re s e n t  know ledge  o f th e  in flu e n c e  of a g in g  on th e  q u a n t i ty  o f 
food e a te n  an d  e n e rg y  e x p e n d itu re  is  d e fic ie n t an d  f u r th e r  in v e s t ig a ­
tio n s  a re  n e e d e d " .
T h is  th e s is  p r e s e n ts  th e  r e s u l t s  o f s tu d ie s  o f th e  to ta l  e n e rg y  
e x p e n d i tu r e ,  p h y s ic a l a c t iv ity  an d  e n e rg y  an d  n u tr ie n t  in ta k e  o f 13 
g ro u p s  of m id d le -ag ed  and  e ld e r ly  S co ttish  men an d  women w ith  p a r t i c ­
u la r  re fe re n c e  to  th e  e f fe c t o f o ccu p a tio n  an d  age  on th e s e  v a r ia b le s .  
T he f in d in g s  a re  d is c u s s e d  in  re la tio n  to  th o se  o f com parab le  s tu d ie s  
a n d  to  c u r r e n t  n u tr i t io n a l  c o n c e p ts .
T he H isto rica l Review  is d iv id ed  in to  two p a r t s .  In  P a r t  1 a re  
tr a c e d  some o f th e  th r e a d s  o f sc ie n tif ic  e n q u iry  in to  th e  ro le  of a g in g  
in  th e  d e te rm in a tio n  o f th e  e n e rg y  re q u ire m e n ts  of man from a n c ien t 
tim es u n t i l  th e  m iddle of th e  20th  c e n tu r y .  T he sec tio n  on c la ss ica l 
w ork  on  anim al h e a t ,  r e s p ir a t io n  ex c h a n g e  a p p a r a tu s ,  th e  developm ent 
o f ca lo rie  c o n v e rs io n  f a c to r s ,  th e  developm ent o f in d ire c t  c a lo r im e try , 
a n d  e a r ly  s tu d ie s  o f d ie ta ry  in ta k e  an d  e n e rg y  e x p e n d itu re  c ite s  a u th o r i­
ta t iv e  co n te m p o ra ry  rev ie w s  of th e  sa lie n t f in d in g s . T he  h is to r ic a l 
c o n te x t in  w hich  th e  r e s e a rc h  was b e g u n  is  th e n  sum m arised . In  P a r t  
2 an  a cc o u n t is  g iv e n  o f some co n c e p tu a l an d  m ethodological
1
d ev e lo p m en ts  in  re la tio n  to  e n e rg y  re q u ire m e n ts ,  w h ich  h a v e  o c c u r re d  
s in c e  th e  com pletion  o f th e  s tu d ie s .
Six r e s e a r c h  q u e s tio n s  lin k in g  o cc u p a tio n  a n d  age  to  e n e rg y  e x p e n d i­
tu r e ,  p a t te r n s  o f a c t iv i ty  a n d  e n e rg y  an d  n u t r i e n t  in ta k e  a ro se  from  th e  
rev iew  o f th e  l i t e r a tu r e .
F o u r sp ec if ic  h y p o th e se s  w ere  fo rm u la ted  to  t e s t  th e s e  re la t io n ­
s h ip s ,  w h ich  w ere  also  a d d re s s e d  in  s ix  r e s e a r c h  q u e s tio n s .  T he
sp ec ific  h y p o th e se s  w e re :
A . l )  T h e re  w ill b e  sy s te m a tic  d if fe re n c e s  in  e n e rg y  e x p e n d itu re
an d  e n e rg y  a n d  n u t r i e n t  in ta k e  o f g ro u p s  o f s u b je c ts  o f m ean 
age b e tw e e n  50 an d  65 y e a r s  b e tw e e n  o ccu p a tio n a l g ro u p s  of 
th e  same s e x .
A .2) T h e re  will b e  sy s te m a tic  d if fe re n c e s  in  e n e rg y  e x p e n d itu re
an d  e n e rg y  an d  n u t r ie n t  in ta k e  o f g ro u p s  o f su b je c ts  of th e  
same sex  o f m ean age b e tw ee n  50 an d  65 y e a r s  an d  com parab le  
g ro u p s  o f m ean ag e  o f o v e r  65.
B . l )  T h e re  will b e  d e s c r ip t iv e  v a r ia tio n s  in  th e  tim e a n d  a c tiv ity  
p a t te r n s  a n d  e n e rg y  an d  a c t iv ity  p a t te r n s  o f g ro u p s  o f s u b ­
je c ts  o f m ean age b e tw ee n  50 a n d  65 y e a r s  b e tw ee n  o ccu p a tio n a l 
g ro u p s  o f th e  same s e x .
B .2 )  T h e re  will b e  d e s c r ip t iv e  v a r ia tio n s  in  th e  tim e an d  a c tiv ity  
p a t te r n s  an d  e n e rg y  an d  a c t iv i ty  p a t te r n s  b e tw ee n  g ro u p s  of
th e  same sex  an d  of m ean age b e tw ee n  50 an d  65 y e a r s  an d
com parab le  g ro u p s  o f m ean age o f o v e r 65.
T he m ethods w ere  ch o sen  to  p ro v id e  d e ta ile d  re lia b le  in fo rm atio n
on th e  food in ta k e  an d  e n e rg y  e x p e n d itu re  of sm all g ro u p s  o f S c o ttish
men an d  women w hose o ccu p a tio n a l an d  n o n -o c c u p a tio n a l a c tiv it ie s  w ere 
r e p r e s e n ta t iv e  o f some o f th e  norm al p a t te r n s  o f w ork  an d  le is u re  o f 
th e i r  age  g ro u p  in  th e  p o p u la tio n . T he g ro u p s  to  b e  s tu d ie d  w ere 
se le c te d  on  th e  b a s is  o f a g e , s e x , lev e l o f e n e rg y  e x p e n d itu re  e x p e c te d  
from d e s c r ip t io n  of o ccu p a tio n  an d  w h e th e r  o r no t th e y  liv ed  a lone .
T o ta l d a ily  e n e rg y  e x p e n d itu re  w as a s s e s s e d  b y  th e  fa c to r ia l 
m eth o d , w hich  is  also  know n as th e  a c tiv ity  d ia ry  an d  re sp iro m e te r
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m eth o d . T o ta l d a ily  e n e rg y  an d  n u t r ie n t  in ta k e  w as a s s e s s e d  b y  th e  
w eighed  in d iv id u a l in v e n to ry  m e thod .
A fu ll d e s c r ip t io n  o f th e  m ethods o f se le c tio n  an d  re c ru itm e n t o f 
th e  s u b je c ts ,  o f a s se s sm e n t o f e n e rg y  e x p e n d i tu re  a n d  e n e rg y  an d  
n u t r ie n t  in ta k e ,  to g e th e r  w ith  a rev iew  o f th e  lim ita tio n s  an d  e r r o r s  of 
th e  m ethods a re  g iv e n  in  C h a p te r  5 (M e th o d s) .
Two s e ts  o f f in d in g s  fo r in d iv id u a l s u b je c ts  form ed th e  d a ta  b a se  
w hich  w as u s e d  to  exam ine th e  sp ec ific  h y p o th e se s  an d  to  a d d re s s  th e  
r e s e a r c h  q u e s tio n s .  T h e se  w ere  o b ta in e d  from th e  d a ily  a c t iv ity  d ia rie s  
o f th e  m a jo rity  o f th e  s u b je c ts  an d  th e  r e s u l t s  o f th e  a n a ly s is  of th e  
s e v e n -d a y  food in ta k e  r e c o rd s  o f all th e  s u b je c ts .
T he  p r im a ry  v a r ia b le s  u s e d  in  th e  a n a ly s is  w ere  s tu d y  n u m b e r, 
su b je c t n u m b e r, a g e , h e ig h t in  c e n tim e tre s , w eig h t in  k ilo g ram s, b o d y  
m ass in d e x ,  m ean d a ily  p ro te in  in ta k e  in  g ra m s , m ean d a ily  fa t in ta k e  
in  g ra m s , m ean da ily  c a rb o h y d ra te  in ta k e  in  g ra m s , mean d a ily  calcium  
in ta k e  in  m illig ram s, m ean d a ily  iro n  in ta k e  in  m illig ram s, m ean daily  
e n e rg y  in ta k e  in  k ilo c a lo r ie s , m ean da ily  e n e rg y  e x p e n d itu re  in  k ilo ca lo r-  
ie s  an d  B asa l M etabolic R ate  ca lc u la te d  a f te r  F le isch  (1951) in  k ilo ca lo r­
ie s  p e r  m in u te .
It v/as fo u n d  th a t  th e re  w ere  s ig n if ic a n t d if fe re n c e s  fo r  b o th  men 
an d  women in  e n e rg y  e x p e n d i tu re ,  an d  fo r m en, b u t  n o t fo r women in  
e n e rg y  an d  n u t r ie n t  in ta k e  w hen com parisons w ere m ade b e tw een  1) 
o ccu p a tio n a l g ro u p s  ag ed  50-65; an d  2) com parab le  g ro u p s  ag ed  50-65 
an d  o v e r  65. (H y p o th es is  A)
I t  was found  th a t  th e re  w ere d e s c r ip t iv e  v a r ia tio n s  in  tim e an d  
a c t iv ity  an d  e n e rg y  a n d  a c t iv ity  p a t te r n s  fo r men an d  women w hen 
com parisons  w ere  m ade b e tw een  1) o ccu p a tio n a l g ro u p s  ag ed  50-65; and  
2 )co m p arab le  g ro u p s  ag ed  50-65 an d  o v e r  65. (H y p o th es is  B)
T he r e s e a r c h  q u e s tio n s  cou ld  n o t b e  a n sw e re d  fu lly  b y  th e  fo rm u la­
tio n  an d  te s t in g  o f sp ec ific  h y p o th e s e s .  In  th e  d isc u ss io n  th e y  a re  
f u r th e r  c la r if ie d  b y  com paring  th e  r e s u l t s  w ith  th e  f in d in g s  o f m eth o d ­
o logically  sim ilar s tu d ie s  o f g ro u p s  o f v a r io u s  a g e s ,  m any o f w hich  h av e  
b e e n  p u b lish e d  s in ce  th e  s tu d ie s  w ere com pleted .
3
T he c o n v e n tio n  u s e d  in  th e  FAO/WHO/UNU (1985) E x p e r t  C o n su lta tio n  
on  E n e rg y  an d  P ro te in  R e q u ire m e n ts  ("U N U ") o f e x p re s s in g  e n e rg y  
r e q u ire m e n ts  as m u ltip les  o f BMR ("UNU-BM R) is  ap p lied  to  th e  r e s u l t s  
o b ta in e d  fo r  to ta l  e n e rg y  e x p e n d i tu re  ("UN U " T E E ), to  i t s  com ponent 
p a r t s ,  nam ely , o ccu p a tio n a l an d  n o n -o c c u p a tio n a l a c tiv it ie s  an d  to  
e n e rg y  in ta k e  ("UNU" T E I) .
D iscu ssio n  o f th e  r e s u l ta n t  v a lu e s  fo cu ses  on 1) in d iv id u a l an d  
g ro u p  BMRs an d  co m pares  them  w ith  v a lu e s  o b ta in e d  b y  th e  F le isch  
(1951) m e th o d ; 2) co m p ariso n s o f g ro u p  "UNU" TEE fa c to rs  w ith  one 
a n o th e r  a n d  w ith  o th e r  g ro u p s ;  3) th e  d if fe re n c e s  b e tw ee n  g ro u p s  in  
"UNU" BMR b a s e d  fa c to rs  fo r  th e  a v e ra g e  e n e rg y  co s t of p h y s ic a l a c tiv ity  
d u r in g  o ccu p a tio n a l a n d  n o n -o c c u p a tio n a l tim e a n d  4) com parison  w ith  
"UNU" exam ples o f s im ilar w ork  c a te g o r ie s .
C om parisons a re  m ade w ith  c u r r e n t  commonly a c c e p te d  s ta n d a rd s  
fo r in ta k e  o f e n e rg y  an d  n u t r i e n t s .  E n e rg y  in ta k e  f in d in g s  a re  also 
d is c u s s e d  in  re la tio n  to  th e  co n ce p t o f le v e ls  o f e n e rg y  re q u ire m e n t 
b a se d  on n o rm ativ e  ju d g e m e n ts  ab o u t d e s ira b le  le v e ls  o f a c tiv ity  an d  
d e s ira b le  b o d y  p ro p o r tio n s  m ade b y  th e  C o n su lta tio n . T he s ta n d a rd  
u s e d  fo r d isc u ss io n  o f p ro te in  in ta k e  is  th e  c o n ce p t o f a sa fe  lev e l o f 
p ro te in  e n d o rs e d  in  th e  C o n su lta tio n  r e p o r t .
T he p r in c ip a l  c o n c lu sio n s  a re  as  follow s.
O ccu p a tio n  w as a good p re d ic to r  o f e n e rg y  e x p e n d itu re  in  th e  
m ajo rity  o f g ro u p s  of men ag ed  b e tw een  50 to  65 y e a r s  an d  in  y o u n g e r  
an d  o ld e r  g ro u p s .  T h e re  w as a d if fe re n c e  of ap p ro x im ate ly  30 p e rc e n t 
b e tw e e n  th o se  o cc u p a tio n s  in v o lv in g  h a rd  la b o u r  an d  th o se  w hich  w ere  
c o m p ara tiv e ly  s e d e n ta r y .  O ccu p a tio n  was n o t a good p re d ic to r  o f 
e n e rg y  e x p e n d i tu re  fo r th e  e x e c u tiv e  g ro u p  of s e d e n ta ry  w o rk e rs .
O ccu p a tio n  w as not as  good a p r e d ic to r  o f to ta l e n e rg y  e x p e n d i­
tu r e  fo r  g ro u p s  o f women ag ed  50-65 y e a r s  o r  y o u n g e r  as i t  w as fo r 
m en. T h e re  w as a d if fe re n c e  o f ap p ro x im ate ly  20 p e rc e n t  b e tw een  
g ro u p s  who w o rk ed  o n ly  in  th e  home a n d  th o se  w ith  em ploym ent in  lig h t 
i n d u s t r y .
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O ccu p a tio n a l e n e rg y  e x p e n d i tu re  w as th e  p r in c ip a l re a so n  fo r 
d if fe re n c e s  in  TEE b e tw ee n  g ro u p s  o f m en a g e d  50-65 y e a r s  an d  th o se  
a g e d  u n d e r  50.
V ery  l i t t le  d if fe re n c e  in  o ccu p a tio n a l e x p e n d i tu re  w as fo u n d  b e ­
tw een  g ro u p s  of women ag ed  50-65 y e a r s .  T he  l i te r a tu r e  d id  n o t y ie ld  
su ff ic ie n t d a ta  to  m ake th is  com parison  b e tw een  y o u n g e r  g ro u p s  of 
women.
C h an g es  in  th e  p a t te r n s  o f a c t iv ity  o f m any wom en, in  p a r t ic u la r  
th o se  o ccasio n ed  b y  em ploym ent o u ts id e  o f th e  hom e, a re  lik e ly  to  h av e  
m a in ta ined  o r  in c re a s e d  th e  to ta l  e n e rg y  e x p e n d i tu re  o f la rg e  g ro u p s  of 
women in  th e  50-65 age  g ro u p .
T he e n e rg y  co s t o f le is u re  tim e p h y s ic a l a c t iv ity  (LTPA ) w as 
co m p ara tiv e ly  h ig h  fo r all th e  g ro u p s  o f men b y  p r e s e n t  d ay  s ta n d a r d s .
T he d if fe re n c e s  in  e n e rg y  in ta k e  b e tw ee n  th e  g ro u p s  o f men ag ed  
50-65 y e a r s ,  r e f le c te d  th e  d if fe re n c e s  in  th e i r  e x p e n d itu re  b e t te r  th a n
th o se  of th e  women o r  g ro u p s  o f men o v e r  65. O ccu p a tio n  w as a good
in d e x  of e n e rg y  in ta k e  fo r men b u t  no t fo r women.
T h e re  a p p e a rs  to  be  a m iddle y e a rs  p la te a u  o f e n e rg y  in ta k e  an d
e n e rg y  e x p e n d itu re  w hich e x te n d s  from ab o u t 40 to  b ey o n d  65 y e a r s  fo r 
norm ally  h e a l th y , co m p ara tiv e ly  s e d e n ta ry  m en. F or men w ith  m ore 
a c tiv e  o c c u p a tio n s , i t  is  lik e ly  th a t  re tire m e n t re d u c e s  e n e rg y  e x p e n d i­
tu r e  an d  in ta k e  to  th e  lev e l o f th e  s e d e n ta ry  m ajo rity  of th e  p o p u la tio n . 
T h is  p la te a u  e x is ts  fo r women th ro u g h o u t a d u lt life  b e c a u se  th e  ra n g e  
o f o c cu p a tio n a l e n e rg y  dem and is  n a rro w . I t may b e  p e r tu r b e d  s lig h tly  
on r e t i r e m e n t.
T he low er e n e rg y  in ta k e  o f women does n o t fu lly  ex p la in  th e i r  
low er in ta k e  o f calcium  an d  iro n  com pared  to  m en. Women choose foods 
w hich  h av e  a low er n u tr ie n t  d e n s ity  o f calcium  an d  iro n .
A n o ticeab le  d ro p  in  th e  e n e rg y  in ta k e  o f  s e d e n ta ry  men an d  
women does n o t a p p e a r  to  ta k e  p lace  u n ti l  b e tw een  75 an d  80 y e a r s .  
K>r men th e re  is  a d ro p  a t an  e a r l ie r  age u n d e r  two c irc u m s ta n c e s . 
F i r s t ly ,  on re tire m e n t from n o n -s e d e n ta ry  o ccu p a tio n s  an d  se c o n d ly , 
w hen m o d era te ly  h e a v y  o ccu p a tio n s  a re  c o n tin u e d  b ey o n d  65 y e a r s .
5
F o r men and women o v e r 65 y e a rs  who h av e  had  s e d e n ta ry  
occu p a tio n s  re tire m e n t can p ro d u ce  a p a t te rn  of in c re a se d  a c t iv i ty  o r 
s e d e n ta ry  b e h a v io u r  may con tinue .
T he ad o p tio n  of 60 y e a rs  as th e  age a t  w h ich  a d if fe re n t  
p re d ic t io n  eq u a tio n  fo r  BMR is  in tro d u c e d  h a s  p ro v e d  to  be an 
o b s ta c le  in  e x p re s s in g  en erg y  re q u ire m e n ts  of o ccu p a tio n a l g roups aged 
be tw een  50 and 65 as a fa c to r  of BMR. The re tire m e n t age of 65 
y e a r s  is  a m ore n a tu ra l and u se fu l d iv id in g  l in e .  F or rea so n  of
c o n s is te n c y  betw een  th e  s e x e s  th e  sam e conclusion  is  d raw n  fo r 
women.
"UNU" BM R-based fa c to rs  fo r  energ y  co s t of a c t iv i ty  a re  a v e ry  
u sefu l way of com paring  g ro u p s . The energ y  co st e x p re s s e d  as "UNU" 
BM R-based fa c to rs  of th e  o ccu p a tio n a l p h y s ic a l  a c t iv i ty  of g roups of
men aged 50-65 d id  not d i f f e r  from  th e  u n d er-5 0  age g ro u p s , a lth o u g h
no u n d er-5 0  age g roups s im ila r  to  th e  m o dera te  w ork c a te rg o ry  g roups
w ere  a v a i la b le  fo r  com parison . T he en e rg y  co s t of occu p a tio n a l 
p h y s ic a l  a c t iv i ty  of women in  th e  50-65 age g roup com pared  to  u n d er 
50 g ro u p s , d id  not d if f e r  w h e th e r  th e  co s t was in c u rre d  by  h o u seh o ld
and c h i ld c a re  a c i t iv i t i e s  o r in  a com bination  of o u ts id e  w ork  and
h o u seh o ld  r e s p o n s ib i l i t i e s .  U n d e re s tim a te s  of th e  energy  re q u ire m e n ts  
of women and men betw een 50-65 y e a rs  may r e s u l t  i f  i t  is  assum ed 
th a t  th e re  is  a d ec lin e  in  p h y s ic a l  a c t iv i ty  d u rin g  th o se  y e a r s .
In  th e  50-65 age group th e  n o rm a tiv e  en erg y  re q u ire m e n ts
p ro p o se d  fo r  n o n -se d e n ta ry  g roups of men a re  1 .78 x  BMR; fo r  two
s e d e n ta ry  g ro u p s , 1 .55 x  BMR and 1 .41  x  BMR; fo r  a group of
h o u sew iv es  and a group of b a k e ry  w o rk e rs , 1 .6 4  x  BMR and fo r
w o rk e rs  in  a sew ing m achine f a c to ry , 1 .56  x  BMR.
In  th e  o v e r  65 age group th e  n o rm ativ e  en e rg y  re q u ire m e n ts  
p ro p o se d  fo r a group of fa rm e rs  is  1 .78  x  BMR; fo r a group of
r e t i r e d  men, 1 .66  x  BMR and fo r a group of r e t i r e d  women, 1 .64  x  
BMR.
A p o s ts c r ip t  su g g ests  a r e s e a r c h  p la n  w h ich  i s  c o n s is te n t w ith  
in s ig h ts  w h ich  h av e  been gained  in to  th e  e x te n t of th e  e r r o r  of th e
m ethod of en erg y  e x p e n d itu re  m easurem ents and y e t is  a p rom ising  
s im p le  means of p u rsu ing  q u es tio n s  r e la te d  to th e  energ y  re q u ire m e n ts
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of middle aged and elderly men and women at the individual and 
population level.
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T he aim o f th is  th e s is  is  th e  c la r if ic a tio n  o f some re la tio n s h ip s  
b e tw een  o c c u p a tio n , e n e rg y  e x p e n d i tu r e ,  p a t te r n s  o f p h y s ic a l a c tiv ity  
a n d  e n e rg y  a n d  n u t r ie n t  in ta k e  o f g ro u p s  o f h e a lth y  f re e - l iv in g  men 
a n d  women a g e d  b e tw ee n  50 an d  75 y e a r s .
When th e  r e s e a r c h  w as b e g u n  tw e n ty - f iv e  y e a r s  a g o , i t  h a d  b e e n  
know n fo r  some tim e th a t  o ld e r  a d u l ts  w ere  becom ing  an  in c re a s in g ly  
la rg e  p a r t  o f th e  p o p u la tio n  o f m any c o u n tr ie s  o f th e  w o rld . At th a t  
tim e, r e s e a r c h  on th e  p ro c e s s e s  an d  c o n se q u e n c e s  o f a g in g  b e y o n d  th e  
m iddle y e a r s  w as in  i t s  in fa n c y  an d  re lia b le  sc ie n tif ic  d a ta  was la ck in g  
on th e  e f fe c ts  o f a g in g  on th e  in d iv id u a l an d  th e  im pact o f an  a g in g  
p o p u la tio n  on so c ie ty .
In  th e  a re a  o f n u tr i t io n a l  re q u ire m e n ts ,  n a tio n a l an d  in te rn a tio n a l  
food an d  h e a lth  po licy  d ec is io n s  h a d  to  b e  b a s e d  la rg e ly  on  in te ll ig e n t 
g u e s s w o rk . T he Food an d  A g r ic u ltu re  O rg a n iz a tio n  (FAO ) Comm ittee on 
C alorie R e q u ire m e n ts  (1957) s ta te d  th a t  " p r e s e n t  know ledge  o f th e  
in flu e n c e  o f a g in g  on th e  q u a n t i ty  o f food e a te n  an d  e n e rg y  e x p e n d itu re  
is  d e f ic ie n t an d  f u r th e r  in v e s t ig a t io n s  a re  n e e d e d ” .
A sm all am ount o f in fo rm atio n  w as av a ilab le  on th e  food in ta k e  o f 
o ld e r  men an d  wom en. With th e  e x c e p tio n  o f a s tu d y  b y  D u rn in , B lake 
an d  B rockw ay  (1957) o f 12 m id d le -ag e d  h o u se w iv e s , th e r e  w as no 
in fo rm atio n  on th e  2 4 -h o u r e n e rg y  e x p e n d i tu re  a n d  d a ily  p a t te r n s  o f 
p h y s ic a l a c t iv ity  o f g ro u p s  o f men o r  women ag ed  50 an d  o v e r  in  d i f f e r ­
e n t o c c u p a tio n s  o r  who w ere r e t i r e d  from w o rk .
T h is  th e s is  p r e s e n ts  th e  r e s u l t s  o f s tu d ie s  o f th e  to ta l e n e rg y
e x p e n d i tu r e ,  p h y s ic a l a c t iv ity  a n d  e n e rg y  a n d  n u tr ie n t  in ta k e  o f 12
g ro u p s  o f m id d le -ag e d  an d  e ld e r ly  S c o ttish  men an d  women w ith  p a r t i c ­
u la r  r e fe re n c e  to  th e  e ffe c t o f o ccu p a tio n  a n d  age  on  th e se  v a r ia b le s .
T he  f in d in g s  a re  d is c u s s e d  in  re la tio n  to  th o se  o f com parab le  s tu d ie s
a n d  to  c u r r e n t  n u tr i t io n a l  c o n c e p ts .
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Although some of the original material presented in the thesis has 
been published by J.V.G.A.  Durnin, myself, and other members of the 
research team, the studies have never before been reported in detail.
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IN TRO D U CTIO N . T h is  c h a p te r  is  d iv id e d  in to  tw o p a r t s .  In  P a r t  1 a re  
t r a c e d  some o f th e  th r e a d s  o f s c ie n tif ic  e n q u iry  in to  th e  ro le  o f a g in g  in  
th e  d e te rm in a tio n  o f th e  e n e rg y  re q u ire m e n ts  o f man from an c ien t tim es 
u n ti l  th e  m iddle o f th e  20 th  c e n tu r y .  T he sec tio n  on c la ss ica l w ork  on 
anim al h e a t ,  r e s p ir a t io n  e x c h a n g e  a p p a r a tu s ,  th e  developm ent of ca lo rie  
c o n v e rs io n  f a c to r s ,  th e  developm ent o f in d ire c t  c a lo r im e try , an d  e a r ly  
s tu d ie s  o f d ie ta ry  in ta k e  an d  e n e rg y  e x p e n d i tu re  c ite s  a u th o r i ta t iv e  
c o n te m p o ra ry  rev ie w s  o f th e  sa lie n t f in d in g s .  T he h is to r ic a l c o n te x t in  
w hich  th e  r e s e a r c h  w as b e g u n  is  th e n  su m m arised .
In  P a r t  2 an  acc o u n t is  g iv e n  o f some co n c e p tu a l an d  m ethodological 
d ev e lo p m en ts  in  re la tio n  to  e n e rg y  re q u ire m e n ts ,  w hich h av e  o c c u rre d  
s in ce  th e  com pletion o f th e  s tu d ie s .  T h is  h a s  b een  a time of 
u n p re c e d e n te d  g ro w th  in  p u b lish e d  s tu d ie s  o f th e  c a u se s  an d  
c o n se q u e n c e s  o f th e  a g in g  p ro c e s s ,  o f w hich th e  e ffe c t on e n e rg y  an d  
n u t r ie n t  re q u ire m e n ts  in  th e  m iddle y e a r s  an d  b ey o n d  is  a v ita l  p a r t .
T he c o n tin u in g  im p o rtan ce  o f f u r th e r  s tu d y  o f th e  d e te rm in a n ts  of 
th e  e n e rg y  re q u ire m e n ts  o f man is  i l lu s tr a te d  b y  fo u r  q u e s tio n s  a sk e d  b y  
in d iv id u a l s c ie n t is ts  an d  b y  an  in te rn a tio n a l b o d y  d u r in g  th is  c e n tu ry .
O ne p r in c ip a l w hich  th u s  f a r  h as  n o t re c e iv e d  a d e q u a te  re c o g n itio n  
in  d ie ta ry  s ta n d a rd s  may p e rh a p s  b e  e x p re s s e d  b y  sa y in g  th a t  th e  
s ta n d a rd s  m ust v a ry  n o t on ly  w ith  th e  co n d itio n s  o f a c tiv ity  an d  
e n v iro n m e n t, b u t  also  w ith  th e  n u tr i t iv e  p la n e  a t w hich th e  b o d y  
is  to  b e  m a in ta in ed . A man may live  an d  w ork  and  m ain ta in  b o d ily  
eq u ilib riu m  on  e i th e r  a h ig h e r  o r  low er n it ro g e n  lev e l o r e n e rg y  
le v e l. One e s s e n tia l  q u e s tio n  i s ,  w hat lev e l is  most a d v a n ta g e o u s?  
T he  an sw er to  th is  m ust b e  so u g h t n o t sim ply in  m etabolism
e x p e rim e n ts  an d  d ie ta ry  s tu d ie s ,  b u t  also  in  b ro a d e r  o b se rv a tio n s  
r e g a rd in g  b o d ily  an d  m ental e ffic ien cy  an d  g e n e ra l h e a l th ,
s t r e n g th  an d  w e lfa re .
Q uo ta tion  from A tw ate r an d  
B en ed ic t (1902) c ite d  in  th e  r e p o r t  
o f a Jo in t FAQ/WHO Ad Hoc E x p e r t 
Committee on E n e rg y  an d  P ro te in  
R eq u irem en ts  (1973).
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How m uch sh o u ld  b e  e a te n ? . . . .m an y  o f th e  d a ta  fo r  an  a d e q u a te  
a n d  com plete so lu tio n  a re  a t p r e s e n t  la c k in g .
-  C a th c a r t  (1931)
How m uch food d oes  man re q u ire ?  We b e liev e  th a t  th e  e n e rg y  
re q u ire m e n ts  o f man a n d  h is  b a lan ce  o f in ta k e  an d  e x p e n d itu re  a re  
n o t k n o w n .
D u rn in , Edholm , M iller an d  
W aterlow (1973)
[E n e rg y  an d  p ro te in ]  re q u ire m e n ts  fo r  w h a t? . . . th e  aim sh o u ld  be  
to  d e fin e  re q u ire m e n ts  fo r  h e a l th .  . .a lm ost e v e ry  a sp e c t o f hum an 
h e a lth  a n d  fu n c tio n  is  p o te n tia l ly  r e le v a n t .
-  R e p o rt of a Jo in t FAO/WHO/UNU 
E x p e r t  C o n su lta tio n  on e n e rg y  an d  
p ro te in  r e q u ire m e n ts .  (1985)
PART I : REVIEW OF LITERATURE BEFORE 1966
3 .1  E a rly  o b se rv a tio n s  a n d  s p e c u la t io n s . A ny in q u iry  d ea lin g  w ith  a 
su b je c t as fu n d am e n ta l to  hum an life  as  n u tr i t io n a l  re q u ire m e n ts  is  
b o u n d  to  re v e a l th a t  m any o f th e  c o n c e rn s  o f th e  p r e s e n t  w ere also  
th o se  o f th e  p a s t .  T he ro le  o f d ie t an d  th e  m an n er in  w hich man liv ed  
from  d ay  to  d ay  in  m a in ta in in g  h e a l th ,  c u r in g  d ise a se  an d  p ro lo n g in g  
life  h av e  b e e n  th e  su b je c t o f sp e c u la tio n  fo r c e n tu r ie s  b y  o b s e rv a n t  and  
th o u g h tfu l  p e o p le . M cKenzie (1680-1761) m ade one o f th e  m any 
s y n th e s e s  o f th e se  sp e c u la tio n s  in  w hich  a p p e a rs  th e  b io lo g ica l, soc ia l, 
p sy ch o lo g ica l an d  eco log ical f a c to rs  w hich  a re  b e in g  exam ined  to d a y  in  
th e  q u e s t  fo r  a lo n g  an d  h e a lth y  life . In  h is  p u b lic a tio n  "T he H is to ry  
o f  H ealth  a n d  th e  A rt o f P re s e rv in g  I t ” (1759 ), he n o te d  a n u m b er o f 
f a c to rs  w hich  p re d is p o s e  in d iv id u a ls  to  lo n g  life  an d  h e a l th .  Among 
th e s e  w ere : d e sc e n t from a t le a s t one lo n g -liv e d  p a r e n t ,  a calm ,
c o n te n te d  an d  c h e e r fu l d isp o s itio n , an d  good n o u r ish m e n t. He also  
a d v o c a te d  good a i r ,  good w a te r ,  a f ru g a l  an d  sim ple d ie t an d  " th e  wise 
g o v e rn m e n t o f o u r  a p p e tite s  an d  p a s s io n s " .  He sum m ed u p  h is  ad v ice  
a s  "a  p r u d e n t  choice an d  p ro p e r  u se  o f a ll th e  in s tru m e n ts  o f life  an d  
ru le s  of h e a l th " , an d  e x p re s s e d  h is  b e lie f  th a t  " th e  p ra c tic e  of su c h  
ru le s  as th e  e x p e r ie n c e  of ag es  h a s  e s ta b lis h e d  w ould m ake th e  life  o f 
man ho ld  o u t f re e  from th e  u su a l com plain ts of d e c re p itu d e  lo n g e r  th a n  
i t  does a t p r e s e n t . "
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T h e  a p p ro p r ia te  com position  o f th e  d ie t h a s  o f te n  b e e n  p e rc e iv e d  
a s  m ore e fficac io u s  th a n  m ed ic ine , n o t o n ly  as an  a id  to  lo n g  life  b u t  
a lso  in  th e  tre a tm e n t o f d is e a s e . F o r exam p le , R o g er B acon (1214-1294) 
a n d  F ra n c is  B acon (1561-1626) w ro te  s im ilarly  on th e  s u b je c t :
B u t th e  u se  of th e se  th in g s  an d  m edicine is  o f no u s e ,  n o r 
a n y th in g  av a ils  them  th a t  n e g le c t th e  D o c trin e  o f th e  R egim ent 
o f  L ife . . . W herefore th e  p h y s ic ia n s  an d  w ise men o f o ld  time 
w ere  o f o p in io n , th a t  d ie t w ith o u t p h y s ic k  som etim es d id  good 
b u t  th a t  p h y s ic k  w ith o u t d u e  o rd e r  o f d ie t n e v e r  m ade a man 
one jo t th e  b e t t e r .  — R o g er B acon
C u rin g  o f D isease  is  a f fe c te d  b y  T em p o ra ry  M edicines, b u t  
le n g th e n in g  o f life r e q u ir e th  o b se rv a tio n  o f d ie ts .
— F ra n c is  Bacon
C hey n e  (1725) em p h asised  th e  n e e d  to  a d ju s t  th e  d ie t to  in d iv id u a l 
n e e d s  d e p e n d in g  on "a g e , s e x , n a tu r e ,  s t r e n g th ,  c o u n try  a n d  e x e rc is e " .  
P o ssib ly  th e  f i r s t  r e s e a r c h  p la n  fo r th e  s tu d y  o f th e  e f fe c ts  o f norm al 
a g in g  on e n e rg y  an d  n u tr ie n t  re q u ire m e n ts  w as d raw n  u p  b y  F ra n c is  
B acon who a n tic ip a te d  m any o f th e  c o n c e rn s  o f c u r r e n t  r e s e a rc h  
in c lu d in g  th e  aims of th e  r e s e a rc h  re p o r te d  in  th is  th e s i s .
In q u ire  to u c h in g  th e  le n g th  an d  s h o r tn e s s  o f life in  men 
a c c o rd in g  to  th e i r  F a re , D ie t, G overnm en t o f th e i r  L ife , 
E x e rc ise s  an d  th e  lik e . In q u ire  to u c h in g  th e  s ig n s  an d  
p ro g n o s tic s  o f long  and  s h o r t  life ; n o t th o se  w hich  b e to k e n  
d e a th  a t h a n d  b u t  th o se  w hich a re  seen  an d  m ay b e  o b s e rv e d  
e v e n  in  h e a l th .  L a s tly , b e c a u se  i t  is  b eh o o v e fu l to  know  th e  
C h a ra c te r  an d  Form of Old A ge, w hich  will th e n  b e s t  b e  done 
i f  you  make a C ollection of all th e  D iffe re n c e s , b o th  in  th e  
S ta te  an d  F u n c tio n s  of th e  B ody b e tw ix t Y outh  an d  Old Age 
th a t  b y  them  you  may o b se rv e  th a t  i t  is  th a t  p ro d u c e th  su ch  
m anifold  E ffe c ts : le t no t th is  in q u is itio n  b e  om itted .
T h e se  q u o ta tio n s  a re  ta k e n  from an  ex c e lle n t rev iew  o f e a r ly  
w r itin g s  on n u tr i t io n  an d  lo n g e v ity  b y  B eeuw kes (1952) in  w hich  she  
n o te d  th a t  B aco n 's  ap p ea l fo r a sc ien tif ic  s tu d y  o f a g in g  an d  th e  ag ed  
w as ig n o re d  fo r th r e e  c e n tu r ie s .
T he  sc ie n tif ic  s tu d y  of th e  re la tio n s h ip s  b e tw een  a g in g , n u tr i t io n ,  
h e a lth  an d  lo n g e v ity  cou ld  no t b e g in  u n ti l  th e  fu n d am en ta l an d  an c ien t
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q u e s tio n s  o f how food is  c o n v e r te d  to  b o d y  s u b s ta n c e  an d  how e n e rg y  is  
r e le a s e d  from  n u t r ie n ts  a n d  u tiliz e d  b y  th e  b o d y  w ere  a d d re s s e d .
In  a m a s te r ly  a n d  fa s c in a tin g  rev iew  o f th e  ev o lu tio n  o f c o n c e p ts  o f 
n u tr i t io n  an d  n u tr i t io n a l  d ise a se  G uggenheim  (1981) h a s  do cu m en ted  th e  
s e a rc h  fo r  a n sw e rs  to  th e s e  q u e s tio n s  from  G reco-R om an A n tiq u ity  to  th e  
p r e s e n t  d a y . He id e n tif ie d  a m eeting  o f P r ie s t ly  (1733-1804) a n d  
L av io s ie r (1745-1794) in  1774 as one o f th e  m ost im p o rta n t e v e n ts  in  th e  
h is to r y  o f th e  m odern  sc ien ce  o f n u tr i t io n .  P r ie s t ly  to ld  L av o is ie r o f h is  
p r e p a ra t io n  o f " d e p h lo g is t ic a te d  a ir"  ( o x y g e n ) , w hich  h e  b e lie v e d  w as 
m uch b e t t e r  th a n  common a ir  fo r  th e  p u rp o s e s  o f  r e s p ir a t io n  an d  
co m b u stio n . L av o is ie r s u b s e q u e n tly  tu r n e d  h is  a t te n tio n  to  th e  s tu d y  
an d  q u a n t i ta t iv e  m easu rem en t of co m b u stio n , r e s p ir a t io n  an d  th e  
g e n e ra tio n  o f h e a t .  In  1780 he an d  L ap lace d e m o n s tra te d  fo r th e  f i r s t  
tim e th a t  th e r e  was a re la tio n sh ip  b e tw ee n  th e  h e a t p ro d u c e d  b y  an  
anim al an d  th e  am ount o f c a rb o n  d io x id e  g iv e n  o u t b y  i t  o v e r  th e  same 
p e r io d  o f tim e. He also  m e asu re d  th e  o x y g e n  co n su m p tio n  o f men an d  
show ed th a t  i t  in c re a s e d  a f te r  food an d  e x e rc is e .
T he  w ork  o f L av o is ie r an d  o th e rs  w as d is c u s s e d  b y  Webb (1984) in  
a rev iew  o f th e  h is to ry  o f e n e rg y  m etabo lism . A reas  o f p e re n n ia l 
in t e r e s t  to  s c ie n t is ts  w ere d e lin e a te d , th e  d ev elopm en t o f c o n c e p ts  was 
rev ie w e d  a n d  th e  m achines w hich  h av e  b e e n  u s e d  to  q u a n tify  them  w ere 
d e s c r ib e d .  Webb tr a c e d  th e  p ro g r e s s  in  u n d e r s ta n d in g  th e  re le a se  of 
e n e rg y  from  food fo r liv in g  an d  w o rk in g  u s in g  five  c a te g o r ie s  o f 
in v e s t ig a t io n .  T h ese  a re  in v e s t ig a tio n s  w hich  h av e  b e e n  m ade of: th e  
e n e rg y  in  th e  fu e l; th e  r a te  o f i t s  o x id a tio n ; c h a n g e s  in  b o d y  s to r e s ;  
in te r n a l  w ork  an d  r a te s  of h e a t lo s s ;  a n d  e x te rn a l  w o rk . He c ite d  th e  
r e s p ir a t io n  s tu d ie s  in i t ia te d  b y  L av o is ie r w hich  w ere  c o n tin u e d  a f te r  h is  
d e a th  an d  th e  fa c t th a t  b y  1886 R ey n au lt a n d  R e ise t in  M unich w ere ab le  
to  m e asu re  w ith  a c c u ra c y  th e  r e s p i r a to r y  e x c h a n g e s  o f man in  a la rg e  
r e s p ir a t io n  c h am b er. A ch am b er d e v ise d  b y  P e tte n k o fe r  a n d  V oit, also 
in  M unich , w as in  u s e  a t ro u g h ly  th e  same tim e. In v e s tig a tio n  o f w ork  
an d  h e a t in  ad d itio n  to  re s p ir a t io n  was m ade p o ss ib le  b y  th e  c o n s tru c tio n  
b y  R u b n e r  in  1894 o f a ca lo rim e te r fo r d o g s , a n d  b y  A tw a te r an d  R osa 
in  th e  U n ited  S ta te s  o f one fo r  men w hich also  in c o rp o ra te d  th e  
r e s p ir a t io n  a p p a ra tu s  u se d  b y  P e tte n k o fe r  an d  V oit. A ppro x im ate ly  500
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e x p e rim e n ts  w ere com pleted  w ith  am azing  a c c u ra c y . One o f th e  m ost 
im p o rta n t r e s u l t s  was th e  re c o g n itio n  th a t  th e  law o f c o n se rv a tio n  o f
e n e rg y  h e ld  fo r life  p ro c e s s e s .
U n d e rs ta n d in g  o f p ro te in ,  fa t an d  c a rb o h y d ra te  in  food as fu e l 
s o u rc e s  a ro se  th ro u g h  th e  w ork  o f L eib ig  (1803-1873), w hose f in d in g s  
w ere re f in e d  an d  c o r re c te d  b y  m any s u b s e q u e n t in v e s t ig a to rs  in c lu d in g  
A tw a te r . A tw a te r’s s tu d ie s  o f th e  h e a ts  o f com bustion  o f p ro te in ,  fa t 
an d  c a rb o h y d ra te  in  th e  bomb c a lo r im e te r , to g e th e r  w ith  an a ly s is  o f th e  
e n e rg y  in  u r in e  a n d  faeces  w hen d if f e re n t  ty p e s  o f foods w ere  e a te n , led  
to  th e  d e r iv a tio n  o f ’’A tw a te r f a c to r s ’’ fo r  th e  e n e rg y  availab le  from th e se  
s o u rc e s .  A tw a te r a n d  B en ed ic t r e p o r te d  in  1903 th a t  th e  e n e rg y  o f food 
ta k e n  le ss  th e  e n e rg y  o f w aste  was m a tch ed  b y  th e  lo ss  o f h e a t an d  
e x te rn a l  w o rk , a n d  th a t  ev en  sm all c h a n g e s  in  fa t s to re s  w ere  ca lcu lab le  
from c a re fu l  C -N -H  b a lan ce  (W ebb, 1984). T he im p o rtan ce  o f th e  w ork  of 
A tw a te r , h is  co lleag u es  an d  p re d e c e s s o r s  was em p h asised  ag a in  b y
P assm ore an d  E astw ood (1986), who w ro te  ”B y 1906 A tw a te r h ad  
com pleted  h is  w o rk , an d  a c h a p te r  h ad  b een  w r itte n  in  th e  te x tb o o k s  o f 
p h y s io lo g y  w hich h a s  n eed e d  no s u b s e q u e n t re v is io n ” (D av id so n  an d  
P assm o re , Human N u tr itio n  an d  D ie te t ic s , 1986).
New m ethods o f s tu d y in g  c h a n g e s  in  b o d y  s to re s  of e n e rg y  d id  no t 
em erge u n ti l  fo r ty  y e a rs  a f te r  A tw a te r’s w o rk , b u t  a re  now th e  su b je c t 
o f  c o n s id e ra b le  r e s e a r c h .  T he c o n ce p t o f in te rn a l  w ork  is  a t th e  
f ro n t ie r  of in v e s t ig a tio n  a t th e  ce llu la r  lev e l to d a y . O ver 40 y e a rs  ag o , 
in  a l e t t e r  to  N u tritio n  R eview s in  1943, D uBois a d d re s s e d  ’’th e  n e g le c te d  
fie ld  of h e a t lo s s” , w h ich , a t th a t  tim e, h ad  b e e n  cro w d ed  o u t b y  th e  
g ro w in g  in te r e s t  in  v itam ins an d  m in e ra ls . He n o te d  th a t  th e  l i te r a tu r e  
in  n u tr i t io n  p a id  li tt le  a t te n tio n  to  th e  q u e s tio n  o f in te rn a l  te m p e ra tu re  
a n d  recom m ended th a t  th e  s tu d y  o f n u tr i t io n  sh o u ld  co n tin u e  to  in c lu d e
n o t on ly  th e  s tu d y  o f h e a t p ro d u c tio n  an d  elim ination  b u t  also
in te rm e d ia ry  m etabolism , t i s s u e  m etabolism  an d  "a g re a t  deal of 
b io c h e m is try ” .
3 .2  E n e rg y  e x p e n d itu re  an d  p h y s ic a l a c tiv ity ; developm ent of m ethods 
o f m easu rem en t fo r u se  in  th e  f ie ld . ’In d ire c t c a lo r im e try ’ h a s  becom e th e  
co n v en tio n a l te rm  fo r  th e  m easu rem en t o f o x y g en  o r of r e s p ir a to r y  gas
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e x c h a n g e , a lth o u g h  some w o rk e rs  w ould p r e f e r  th e  te rm  "ca lo rim e try "  to  
b e  r e s e r v e d  fo r  th e  m easu rem en t o f h e a t (W ebb, 1984). I ts  u s e  in  
m e a su rin g  e n e rg y  e x p e n d i tu re  is  b a s e d  on th e  q u a n t i ta t iv e  re la tio n sh ip  
b e tw e e n  o x y g e n  co n su m p tio n  an d  e n e rg y  e x p e n d i tu re  e s ta b lis h e d  b y  
e x p e r im e n ts  in  th e  A tw a te r-R o sa  c a lo r im e te r . T he te rm  'd ir e c t  
c a lo r im e try ’ h a s  b e e n  r e s e r v e d  fo r  th e  m easu rem en t o f h e a t ,  w hich 
rem a in s  m uch m ore com plex te c h n ic a lly  th a n  th e  m easu rem en t o f o x y g en  
c o n su m p tio n .
A good su c c in c t a cc o u n t o f th e  d ev elopm en t o f e x p e rim e n ta l m ethods 
fo r  d e te rm in in g  th e  e n e rg y  e x p e n d i tu re  o f m an from  th e  e n d  o f th e  18th 
c e n tu ry  u n ti l  th e  m id -20 th  c e n tu ry  w as g iv e n  b y  D ouglas (1956). Of 
p a r t ic u la r  re le v a n c e  to  th e  m ethod o f in d ir e c t  c a lo rim e try  u se d  in  o u r  
s tu d ie s  w as h is  d e s c r ip tio n  o f a p o r ta b le  o p e n -c i rc u it  a p p a ra tu s  d e s ig n e d  
b y  E dw ard  Sm ith (1819-1874) in  th e  mid 19th  c e n tu r y ,  w hich  he  u s e d  to  
m e asu re  CO2 p ro d u c tio n  a t r e s t  an d  w hen w a lk in g . A m ore so p h is tic a te d  
p o r ta b le  d r y  g as  m e te r w hich  co llec ted  a sam ple o f e x p ire d  a ir  fo r  
a n a ly s is  an d  m e asu re d  th e  volum e o f g a s  e x p ire d  was d ev e lo p ed  an d  u se d  
b y  Z u n tz , Loew y, M uller an d  C a sp a ri (1906) in  an  e x te n s iv e  s e r ie s  of 
o b se rv a tio n s  d u r in g  r e s t  a n d  e x e rc is e .  D oug las n o te d  th a t  " a lth o u g h  
th is  m ethod  fe ll in to  th e  b a c k g ro u n d  in  s u b s e q u e n t y e a r s ,  i t  w as 
r e s u s c i ta te d  w ith  t r i f l in g  m odification  b y  K o fran y i a n d  M ichaelis (1 9 4 0 )."  
I t  w as f u r th e r  im p ro v ed  b y  M uller an d  F ran z  (1952) a n d  becam e th e  
m ethod  o f choice in  th e  fie ld  fo r in d ir e c t  c a lo r im e try . Some r e p o r ts  o f 
th e  r ig o ro u s  t e s t s  w hich  w ere m ade o f th is  m ethod  o f in d ir e c t  c a lo rim e try  
a n a ly se d  p o ss ib le  so u rc e s  o f e r r o r  an d  e s ta b l is h e d  m ethods o f c a lib ra tio n  
o f  th e  re s p iro m e te rs  a n d  re lia b le  g as  a n a ly s is  w ere th o se  o f D u rn in  an d  
B rockw ay  (1 9 5 9 ), D u rn in  a n d  N am yslow ski (1958), D u rn in  an d  E d w ard s  
(1 9 5 5 ), a n d  D u rn in  an d  M ikulicic, (1956). T he b a g  m ethod d ev e lo p ed  b y  
D oug las (1911 ), w hich  also  m e asu re s  c a rb o n  d io x id e , rem ain ed  th e  
s im p lest a n d  m ost a c c u ra te  fo r u se  in  th e  la b o ra to ry . In  i t s  o rig in a l 
form  i t  w as too cum bersom e to  u se  in  th e  f ie ld , b u t  w ith  m odifications i t s  
u s e  in  th e  fie ld  h a s  b e e n  r e v iv e d .
S m ith , who d e s ig n e d  th e  fo r e ru n n e r  o f th e  K ofrany i-M ichaelis  
re s p iro m e te r  (K -M ), p la n n e d  th e  f i r s t  sy s tem a tic  in q u iry  in to  m etabolic 
a n d  r e s p i r a to r y  re s p o n s e  o f th e  hum an to  m u scu la r  e x e rc is e .  He
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es tim a te d  c a rb o n  d iox ide  o u tp u t ,  h e a r t  r a t e ,  an d  r e s p i r a to r y  volum e a t 
v a r io u s  le v e ls  o f p h y s ic a l e x e rc is e  in  p r is o n e r s  s e n te n c e d  to  h a rd  la b o u r 
(G u g g en h e im , 1981).
At th e  b e g in n in g  o f th e  20 th  c e n tu r y ,  s tu d ie s  o f r a te s  o f e n e rg y  
e x p e n d i tu re  w ere  m ade on m any s u b je c ts  d u r in g  sleep  an d  while 
p e rfo rm in g  m any d if f e re n t  ty p e s  o f a c t iv i ty .  I n te r e s t  in  co llec tin g  su ch  
d a ta  a p p e a re d  to  d ec lin e  from ab o u t 1910 u n ti l  1940. R enew ed in te r e s t  
in  e n e rg y  e x p e n d i tu re  m easu rem en ts  w as show n d u r in g  World War II b y  
p h y s io lo g is ts  in  G erm any  (L eh m an n , M uller, a n d  S p itz e r ,  1950) and  
fa c ilita te d  b y  th e  in tro d u c tio n  o f th e  K-M re s p iro m e te r .  A f te r  th e  w a r , 
in c re a s in g  m echan iza tion  of in d u s t r y  an d  c o n se q u e n t dec lin e  in  e n e rg y  
e x p e n d e d  a t w o rk , s h o r te r  w o rk in g  h o u r s ,  an d  in c re a s e d  le isu re  tim e 
s tim u la ted  a re a s se s sm e n t o f e n e rg y  e x p e n d itu re  a t w ork  an d  in  
n o n -w o rk in g  tim e. N o n -o ccu p a tio n a l a c t iv it ie s  h ad  n o t b e e n  c o n s id e re d  to  
c o n tr ib u te  g re a t ly  to  da ily  e n e rg y  n e e d s  u n ti l  th e s e  an d  o th e r  s ig n if ic a n t 
c h a n g e s  in  th e  life s ty le  o f m any peo p le  h ad  o c c u r re d .  O w nersh ip  o f a 
c a r ,  h ig h e r  w ag es , a n d  th e  in tro d u c tio n  o f te le v is io n  a l te re d  w ays in  
w hich  e n e rg y  was s p e n t in  le is u re  tim e ju s t  as m echan isa tion  o f h eav y  
ta s k s  an d  b e t te r  w o rk in g  co n d itio n s  c h a n g e d  e x p e n d itu re  a t w o rk . T he 
d is tr ib u tio n  o f time an d  e n e rg y  in  th e  se v e n  to  te n  h o u rs  s p e n t o u t of 
w ork  b u t  no t as leep  in  b e d  w as u n k n o w n . T h u s , da ily  a c tiv ity  d ia rie s  
b e g a n  to  assum e im p o rtan ce .
E dholm , F le tc h e r ,  W iddowson, an d  M cCance (1955) g av e  c re d i t  to  
B edale  (1922-23) fo r  th e  f i r s t  d e ta ile d  s tu d y  o f e n e rg y  e x p e n d itu re  made 
in  ad d itio n  to  d ie ta ry  in ta k e . She m e asu re d  th e  o x y g en  consum ption  o f 
100 school c h ild re n  d u r in g  25 d if fe re n t  a c tiv itie s  an d  th e  tim e th e y  s p e n t 
on  th e  a c t iv i t ie s .  T h is  w as, p e r h a p s ,  th e  f i r s t  re c o g n itio n  o f th e  
im p o rtan ce  o f  p a t te r n s  o f a c t iv i ty .  O rr  a n d  L eitch  (1938) in  th e i r  
p a p e r  on th e  d e te rm in a tio n  o f ca lo rie  re q u ire m e n ts  la id  dow n th e  form 
w hich m uch s u b s e q u e n t w ork  on e n e rg y  e x p e n d itu re  an d  es tim a ted  
e n e rg y  re q u ire m e n ts  o f in d iv id u a ls  w ould ta k e :
I t does n o t seem u n re a so n a b le  to  su p p o se  th a t ,  g iv en  es tim a tes  
o f e n e rg y  e x p e n d itu re  b y  e ff ic ie n t p e rfo rm e rs  d o ing  d if fe re n t 
ty p e s  o f w ork  on a time b a s is ,  w ith  a tim e sch ed u le  o f a d a y ’s 
a c t iv i t ie s ,  i t  will be  p o ss ib le  to  a s s e s s  th e  to ta l e n e rg y
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e x p e n d i tu re  fo r  a d a y  w ith  su c h  a c c u ra c y  to  b e  o f some 
p ra c t ic a l  v a lu e .
T h e y  also  s ta te d  th a t  " th e  m ain p a r t s  o f an  e n e rg y  b a lan ce  sh e e t 
may b e  a p p ro x im a te ly  a s s e s s e d  as  8 h o u rs  s le e p , 8 h o u rs  w ork  a n d  8 
h o u rs  o f th e  o rd in a ry  ’com ings an d  g o in g s ’ o f  l i f e ."  On th is  b a s is ,  th e y  
d rew  up  d a ily  e n e rg y  b u d g e ts  fo r  d if f e re n t  h y p o th e tic a l p e r s o n s  
p e rfo rm in g  d if f e re n t  t a s k s .  T h ese  w ere  show n to  b e  in  a g ree m en t w ith  
m any p re v io u s ly  done  food in ta k e  s tu d ie s  on  men a n d  w ith  th e  r e s u l t s  
from  tw o s tu d ie s  o f in d iv id u a l women in  th e  U n ited  Kingdom  an d  in  th e  
U n ited  S ta te s  b e tw e e n  1933 an d  1936.
T h is  m ethod  o f c a lc u la tin g  to ta l  e n e rg y  e x p e n d i tu re  w as f u r th e r  
d ev e lo p ed  in  an  a p p e n d ix  to  th e  1957 FAQ R e p o rt on  ca lo rie  re q u ire m e n ts  
(FAO : Com m ittee on C alorie  R e q u ire m e n ts , 1957), a n d  e n e rg y  allow ances 
w ere  c a lc u la te d  fo r  a re fe re n c e  man an d  wom an.
Follow ing th e  1939-45 w a r , th e  ty p e  o f s tu d ie s  p re v io u s ly  s u g g e s te d  
b y  O rr  an d  L eitch  w ere  done in  B r ita in .  T h e  r e s u l t s  o f fo u r  s u rv e y s  in  
w hich  th e  K-M re s p iro m e te r  w as u s e d  w ere  p u b lish e d  b e tw een  1952 an d  
1955 (P a ssm o re , T hom son , an d  W arnock , 1952; G a r ry , P assm o re , 
W arnock , a n d  D u rn in , 1955; W iddow son, Edholm , an d  M cC ance, 1954; 
Edholm , F le tc h e r ,  W iddow son, an d  M cC ance, 1955). T h ese  m e asu re d  th e  
to ta l  d a ily  e n e rg y  e x p e n d i tu re  an d  food in ta k e  fo r  a w eek o f s tu d e n t s ,  
coal face m in ers  a n d  co llie ry  c le rk s ,  an d  m ilita ry  c a d e ts .
A com bination  o f in d ir e c t  c a lo rim e try  an d  a com plete re c o rd  o f da ily  
a c t iv i t ie s ,  w hich  becam e know n as th e  fa c to r ia l m e th o d , w as u s e d  to  
e s tim ate  2 4 -h o u r  e n e rg y  e x p e n d i tu r e .  T h is  m ethod  e lim inated  th e  
p ra c t ic e  o f d e d u c t in g  e s tim a ted  b a sa l m etabolic r a te  (BMR) an d  sp ec ific  
dynam ic a c t iv ity  from  all e s tim a te s  o f e n e rg y  c o s t.  T he BMR was u s e d  
as an  e s tim a te  o f e n e rg y  e x p e n d e d  a t r e s t  an d  as leep  o n ly . R eco rd s  o f 
tim e s p e n t on a c tiv it ie s  w ere  o b ta in e d  u n d e r  th e  c a te g o r ie s  o f 
o c c u p a tio n a l, n o n -o c c u p a tio n a l an d  re c re a tio n a l tim e, an d  b e d .
B ra n s b y  (1954) m ade a s tu d y  o f th e  food in ta k e  an d  e n e rg y  
e x p e n d itu re  o f 152 male in d u s tr ia l  w o rk e rs  (52 o f whom w ere o v e r  40 
y e a r s  o f a g e ) . No m easu rem en ts  of in d iv id u a l e n e rg y  e x p e n d itu re  w ere 
m ade in  th is  s tu d y ,  b u t  a fu ll r e c o rd  was k e p t  o f w ork  an d  le is u re
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a c t iv i t ie s .  E n e rg y  e x p e n d e d  w as e s tim a ted  b y  u s in g  th e s e  r e c o rd s  in  
c o n ju n c tio n  w ith  p u b lish e d  m e asu rem en ts  o f th e  e n e rg y  co s t o f a c tiv it ie s  
m ade b y  in d ir e c t  c a lo rim e try  u s in g  th e  K-M re s p iro m e te r  b y  P assm o re , e t 
a l . ,  (1952 ); an d  G a r ry ,  e t a l . ,  (1955).
S tu d ie s  u s in g  th e s e  m ethods w ere  also  m ade o f th e  e n e rg y  in ta k e  
a n d  e x p e n d i tu re  o f s o ld ie r s ,  e sp e c ia lly  o f th e  U .S . ,  B r i t is h ,  C an ad ian , 
a n d  A u s tra lia n  arm ies (D u rn in , e t a l . , 1957).
P assm ore  a n d  D u rn in  in  1955 re s p o n d e d  to  th e  ren ew ed  in te r e s t  in  
m e a su rin g  e n e rg y  e x p e n d itu re  b y  assem b lin g  m any e a r l ie r  m easu rem en ts  
a n d  p u b lis h in g  them  in  ta b le s  o f e s tim a ted  e n e rg y  e x p e n d i tu re  fo r a w ide 
v a r ie ty  o f a c t iv it ie s  fo r  men an d  wom en. T h is  w as a m ajor 
m ethodolog ical ad v an c e  com parab le  to  th e  in tro d u c tio n  o f ta b le s  o f food 
com position  an d  a s tim u lu s  to  r e s e a r c h  on e n e rg y  e x p e n d i tu re .  The 
a u th o rs  g av e  p re c is e  in s tru c t io n s  on th e  u s e  o f th e i r  ta b le s  an d  
e s tim a ted  th e  th e o re tic a l e r r o r  in v o lv ed  as le s s  th a n  o r  eq u a l to  10 
p e r c e n t .  T h ey  h o p ed  th a t  th e  te c h n iq u e s  o f in d ir e c t  c a lo r im e try , w hich 
th e y  d e s c r ib e d  " to g e th e r  w ith  a k n o w ledgeab le  u s e  o f th e  ta b le s  in  th is  
rev iew  sh o u ld  m ake i t  p ra c tic a b le  to  c a r r y  o u t f ie ld  s u rv e y s  o f e n e rg y  
e x p e n d i tu re  on a m uch m ore e x te n s iv e  sca le  th a n  h a s  b een  p o ss ib le  up  to  
th e  p r e s e n t " . In th e i r  rev iew  th e y  e n d o rs e d  a d e fin itio n  o f w ork  
d iv id e d  in to  five  le v e ls  o f in te n s i ty  w hich  h a d  b e e n  s u g g e s te d  fo r  men 
b y  C h r is te n s e n  (1953 ), (T ab le  5 .2 ) .  T h ey  p u b lish e d  fo r  th e  f i r s t  tim e a 
sim ilar d e fin itio n  fo r  women (T ab le  5 .3 ) ,  an d  recom m ended th a t  th e  BMR 
cou ld  b e  ta k e n  as  a m easu re  o f m etabolic r a te  w hen in  b e d  as leep  o r 
aw ake. D u rn in  an d  P assm ore (1967) e x p a n d e d  th e i r  o rig in a l p u b lic a tio n  
a n d  in c lu d e d  f in d in g s  from th e  th e s is  s tu d y  g ro u p s .
3 .3  E n e rg y  e x p e n d i tu re ,  e n e rg y  re q u ire m e n ts ,  an d  a g in g . Much o f th e  
e a r ly  w ork  r e p o r te d  on e n e rg y  e x p e n d itu re  a f te r  50 y e a rs  o f age  h ad  
b e e n  done on B asa l M etabolic R ate  an d  th e  fa c to rs  a ffe c tin g  i t .  In  1899 
M ag n u s-L ev y  an d  Falk  c ite d  b y  M atson an d  H itchcock  (1934 ), c le a rly  
in d ic a te d  th a t  ad v a n c in g  age was accom panied  b y  a d e c re a se  in  b a sa l 
m etabolism . By 1917 A ub an d  D ubois w ere ab le to  p u b lish  a ta b le  fo r 
p re d ic t in g  th e  b a sa l m etabolism  of norm al men an d  women u p  to  age 80. 
A d eclin e  o f 2 .5  p e rc e n t  was p re d ic te d  fo r each  d ecad e  from 30 y e a rs  to
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80 y e a r s .  H ow ever, few s tu d ie s  h ad  b e e n  m ade o f men in  th e  o ld e r  
g ro u p s  a n d  n o n e  o f w om en. T h is  w as re c t if ie d  in  p a r t  b y  B en ed ic t 
(1 9 3 4 ), B en ed ic t a n d  M eyer (1 9 3 2 ), a n d  M atson a n d  H itchcock  (1934). 
A lth o u g h  m ost o f  th e i r  s u b je c ts  w ere o v e r  75 y e a r s  o f age  th e  s tu d ie s  
con firm ed  th a t  m etabolic  r a te  d e c re a s e s  s lig h tly  th ro u g h o u t a d u lt life . 
T he  r a te  o f  d e c re a se  an d  th e  in d iv id u a l v a r ia tio n  was a n d  is  u n c e r ta in .  
In  1952 S herm an  e s tim a te d  th a t  s tu d ie s  h a d  b e e n  m ade o f th e  BMR o f 
ab o u t 100 m en an d  75 women ag ed  60 y e a r s  a n d  o v e r ,  b u t  a d v ise d  th a t  
m ore s tu d ie s  w ere  n e e d e d  a t a ll ag es  b e tw ee n  60 an d  100 y e a rs  b e fo re  
s a t is f a c to ry  s ta n d a rd s  cou ld  be  s e t  u p  fo r  th is  ag e  r a n g e .
T he  la c k  o f fa c tu a l in fo rm atio n  on  th e  e f fe c t o f a g in g  on  to ta l 
e n e rg y  re q u ire m e n ts  was n o te d  b y  D u rn in  in  1956. A t th a t  tim e, th e  
Food an d  A g r ic u ltu re  O rg an iza tio n  o f th e  U n ited  N ations (FAO: 
Com m ittee on C alorie R e q u ire m e n ts , 1950) recom m ended  a d ec rem en t o f
7 .5  p e rc e n t  o f th e  re q u ire m e n t a t age  25 fo r  each  10 y e a r s  b ey o n d  th is  
a g e , w hile th e  f ig u re s  s u g g e s te d  in  th e  U n ited  S ta te s  an d  in  B rita in  
w ere  5 p e rc e n t  an d  3 p e rc e n t  r e s p e c t iv e ly  (D u rn in , 1956). In  th is  
p a p e r ,  D u rn in  a n t ic ip a te d  m uch fu tu r e  r e s e a r c h  w hen he  sp e c u la te d  th a t  
i f  th e  e n e rg y  e x p e n d e d  in  a sp ec ific  e x e rc is e  w ere  re la te d  sim ply to  th e  
w eig h t o f ac tiv e  t i s s u e  an d  e x p re s s e d  as " C a l/k g "  o f ac tiv e  t i s s u e ,  th e  
e f fe c t o f ag e  m ight be  minimal. He also s p e c u la te d  th a t  th e  in c re a s in g  
m ech an isa tio n  o f m any o ccu p a tio n s  w ould lead  e v e n tu a lly  to  re d u c e d  an d  
m ore u n ifo rm  e n e rg y  e x p e n d itu re  d u r in g  w o rk in g  tim e. T h u s , i f  o ld e r  
w o rk e rs  h a d  in  th e  p a s t  m oved from "h eav y "  o cc u p a tio n s  to  l ig h te r  ones 
a s  th e y  g rew  o ld e r ,  th is  w ould no lo n g e r  be  n e c e s s a ry  an d  th e r e  w ould 
b e  l i t t le ,  i f  a n y , d e c re a se  in  o ccu p a tio n a l e n e rg y  e x p e n d i tu re .
T h e  e n e rg y  r e q u ir e d  fo r a c tiv it ie s  d u r in g  n o n -o c c u p a tio n a l tim e was 
also  u n k n o w n , b u t  in  th e  same p a p e r  D u rn in  p ro p o se d  th a t  d if fe re n c e s  
in  e n e rg y  e x p e n d i tu re  in  le isu re  a c tiv it ie s  m ight b e  th e  g r e a te s t  so u rc e  
o f  d if fe re n c e  in  to ta l  e n e rg y  e x p e n d itu re  b e tw een  g ro u p s  o f y o u n g e r  an d  
o ld e r a d u l ts .  He co n c lu d ed  th a t  b e c a u se  th e  g re a t  m ajo rity  o f peop le  
lead  v e r y  s e d e n ta ry  liv e s ,  th e  d if fe re n c e s  in  e n e rg y  e x p e n d itu re  ev en  
d u r in g  n o n -o c c u p a tio n a l tim e from age 30 up  to  50 o r 60 m ight b e  v e ry  
l i t t le ,  b u t  th a t  m uch m ore in fo rm atio n  was re q u ire d  on "how e ld e r ly
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p eo p le  sp e n d  th e i r  da ily  liv e s  a n d  how e n e rg e tic  a  life  th e y  m ay be 
cap a b le  o f le a d in g " .
T h ese  q u e s tio n s  a n d  a s so c ia te d  q u e s tio n s  re la t in g  to  p o ss ib le  
c h a n g e s  in  th e  food in ta k e  o f o ld e r  peo p le  p ro m p te d  D u rn in  a n d  h is  
co lleag u es  to  b e g in  th e  s e r ie s  o f in v e s t ig a t io n s  r e p o r te d  in  th is  th e s i s .  
T he  r e s u l t s  o f th e i r  f i r s t  s tu d y  o f th e  e n e rg y  e x p e n d itu re  an d  food 
in ta k e  o f a g ro u p  o f o ld e r  women was p u b lish e d  in  1957. T h is  s tu d y  of 
tw elve  m id d le -ag e d  h o u sew iv es  (a g e d  45-61) an d  th e ir  d a u g h te r s  (a g e d  
16-27) who w ere  shop  a s s is ta n ts  w as d e s ig n e d  to  p ro v id e  m uch n eed e d  
d a ta  on th e  e n e rg y  re q u ire m e n ts  o f a y o u n g e r  a n d  o ld e r g ro u p  o f women 
w ith  sim ilar o ccu p a tio n s  (D u rn in , B lake an d  B ro ck w ay , 1957).
3 .4  S tu d ie s  o f e n e rg y  in ta k e :  d ie ta ry  s u r v e y s . D ie ta ry  s tu d ie s  b y
Sm ith in  1862 o f th e  e ffe c t o f th e  co tto n  fam ine on lev e ls  o f food in ta k e  
in  E n g lan d  w ere  sa id  b y  G uggenheim  (1981) to  b e  th e  f i r s t  d ie ta ry  
s u rv e y s  in  p u b lic  h e a lth  n u tr i t io n .  At ab o u t th e  same tim e, in  1881, a 
d ie ta ry  s u rv e y  was c a r r ie d  o u t b y  Voit an d  h is  co lleag u es  in  M unich 
w hen th e y  re c o rd e d  th e  food consum ed  b y  la b o u re rs  an d  a r t is a n s  in  
G erm any . A tw a te r , who h ad  b e e n  a p u p il  o f V o it, b e g a n  h is  
m easu rem en ts  o f th e  d ie ta ry  in ta k e  o f v a r io u s  g ro u p s  o f peop le  in  th e  
E a s te rn  U nited  S ta te s  ab o u t 1902. He d e v ise d  one o f th e  f i r s t  "man 
v a lu e"  sca le s  fo r q u a n tify in g  th e  e n e rg y  in ta k e  o f fam ilies. T h is  was 
c a lc u la te d  b y  u s in g  a c o -e ff ic ie n t o f one (1 .0 )  fo r a m an. T he e n e rg y  
in ta k e s  o f o th e r  m em bers o f th e  fam ily w ere ca lc u la te d  as a p ro p o r tio n  of 
th a t  o f a m an—for exam ple , 0 .83 fo r a woman an d  0 .20 fo r a ch ild  u n d e r  
one y e a r .  T he m any v e rs io n s  o f th e se  sca le s  w hich  w ere d ev e lo p ed  
c a u se d  in c re a s in g  co n fu sio n  ab o u t th e  a c tu a l e n e rg y  in ta k e  o f in d iv id u a l 
m en, women an d  c h ild re n  fo r alm ost th i r ty  y e a rs  (C a th c a r t  an d  M u rray , 
1931).
In  s p ite  of a sh if t  in  in te r e s t  from th e  q u a n t i ty  to  th e  q u a lity  of 
th e  d ie t ,  w hich took  p lace  ab o u t 1906 w ith  th e  d isc o v e ry  o f " a c c e sso ry  
food f a c to r s " ,  la te r  know n as v ita m in s , th e re  w as a slow b u t s te a d y  
g ro w th  in  know ledge  o f to ta l food in ta k e  th ro u g h  fam ily s tu d ie s .  
W iddowson (1936) l is te d  n in e te e n  s tu d ie s  from th a t  of P a to n , D unlop and  
In g lis  (1900 ), who es tim ated  th e  d ie ta ry  in ta k e  o f th e  la b o u rin g  c la sse s
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in  E d in b u rg h , to  th a t  o f B oyd  O rr  (1 9 3 6 ), who m ade a n a tio n a l s tu d y  o f 
food , h e a lth  a n d  incom e.
C o n tin u in g  in te r e s t  in  th e  q u a n t i ta t iv e  a s p e c t o f n u tr i t io n  in  th is  
p e r io d  was d e m o n s tra te d  b y  C a th c a r t  (1931):
I t is  th e  q u a n t i ta t iv e  a s p e c t w hich  is  o f fu n d am en ta l 
im p o rta n c e . U n d e r th e  o rd in a ry  co n d itio n s  o f liv in g  fo r th e  
m a jo rity  o f  m ank ind  in  a c o u n try  s u c h  as o u r s , i t  is  h ig h ly  
im p ro b ab le  th a t  ta k in g  th e  food as w hole, i t  is  so d e fic ien t 
q u a l ita t iv e ly  as  to  b e  h o p e le ss ly  in a d e q u a te .
He w as n o t co n v in ced  th e n  th a t  th e  q u e s tio n  "How m uch sh o u ld  be  
e a te n ? ” h a d  b e e n  a d e q u a te ly  a n s w e re d . His co n c e rn  w ith  m ethods an d  
th e  a p p lica tio n  o f th e  f in d in g s  of d ie ta ry  s u rv e y s  h av e  n o t b een  
d is c re d i te d  w ith  tim e. He a d v ise d  cau tio n  in  th e  u s e  o f food in ta k e  
d a ta  alone to  ju d g e  d e g re e  o f u n d e rn u tr i t io n  a n d  in  th e  ap p lica tio n  o f 
d a ta  from  one c o u n try  to  a n o th e r  a n d  h e  c o n s ta n tly  em p h asised  th e  
d e g re e  o f a c c u ra c y  w hich  cou ld  b e  e x p e c te d  from  h is  m e th o d s . In  h is  
o p in io n , th e  o n ly  re lia b le  m ethod o f o b ta in in g  a c c u ra te  d ie ta ry  d a ta  was 
on sm all n u m b e rs  o f h o u seh o ld s  an d  b y  " c o n tro lle d  v is ita tio n s  b y  a 
sk illed  in v e s t ig a to r " , a p o in t o f view  w hich  is  h e ld  b y  re sp o n s ib le  
n u tr i t io n is t s  to d a y , b u t  is  o f te n  d is r e g a rd e d .
O rr  a n d  L e itch  (1938) also em p h asised  th e  fu n d am e n ta l fa c t th a t  
"h o w ev er im p o rta n t th e  re q u ire m e n ts  fo r  sp ec ific  n u t r ie n ts  m ay b e ,  th e  
e n e rg y  re q u ire m e n t is  p r im a ry  an d  u n d e r  o rd in a ry  co n d itio n s  will be 
s a tis f ie d  b e fo re  an d  ev en  a t th e  e x p e n se  o f th e  o th e r ."
In  a s u rv e y  w hich  A cheson  (1986) c h a ra c te r is e d  as one o f th e  f i r s t  
ap p lic a tio n s  o f ep idem iological m ethods to  th e  s tu d y  o f n u tr i t io n  in  
hum an  p o p u la tio n s  B oyd  O rr  (1936) fo u n d  th a t  d u e  to  p o v e r ty ,  50 
p e rc e n t  o f th e  p o p u la tio n  o f th e  U n ited  K ingdom  h a d  food in ta k e s  w hich  
su p p lie d  le s s  th a n  th e  r e q u ir e d  s ta n d a rd  o f one o r  m ore n u t r i e n ts .  He 
co n c lu d ed  th a t  th e  a v e ra g e  d ie t o f 10 p e rc e n t  o f th e  p o p u la tio n  o f th e  
U nited  Kingdom w as in a d e q u a te ,  in  all c o n s t i tu e n ts ,  to  m ain ta in  h e a lth  . 
Social S e c u r ity  m e a su re s  w ere  d e s ig n e d  to  e n s u re  th a t  su c h  a s itu a tio n  
w ould n o t a r is e  a g a in .
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O ne o f th e  m ajor m ethodolog ical o b s ta c le s  to  d ie ta ry  s u rv e y  w ork  
w as th e  la c k  o f a d e q u a te  an d  a c c u ra te  ta b le s  o f food com position . In 
B r ita in  a f i r s t  s te p  in  th e i r  com pilation  w as ta k e n  in  1925 w hen D r . R . 
A . M cCance b e g a n  to  s tu d y  th e  c a rb o h y d ra te  c o n te n t o f food u se d  in  
th e  tre a tm e n t o f d ia b e te s .  B etw een  1925 an d  1939, th e  r e s u l t s  o f 
a n a ly tic a l w ork  on m any foods w ere  p u b lish e d  an d  in  1939 th e  f i r s t  
e d itio n  o f "T h e  C om position o f Foods" b y  M cCance a n d  W iddowson 
a p p e a re d  (M edical R e se a rc h  C ouncil S pecia l R e p o rt S e r ie s , No. 297, 
HMSO, L o n d o n ). S u b se q u e n t e x p a n d e d  e d itio n s  h a v e  b een  p u b lish e d  in  
1946, 1960 a n d  1974.
A s ta n d a rd  m ethod o f re c o rd in g  th e  food in ta k e  o f in d iv id u a ls  was 
in tro d u c e d  b y  W iddowson (1936) an d  M cCance a n d  W iddowson (1936). 
In  th e i r  " in d iv id u a l"  m ethod all item s o f food an d  d r in k  w ere w eig h ed , 
m e asu re d  an d  re c o rd e d  o v e r  a p e r io d  o f s e v e n  d a y s . T h is  becam e 
know n as th e  w eighed  d ie ta ry  in v e n to ry  m eth o d . In  1939 Bigw ood 
n o te d  th a t  i t  h ad  come to  b e  know n as a k in d  o f "go ld  s ta n d a rd "  
a g a in s t w hich  o th e r  m ethods sh o u ld  b e  co m p ared . T h is  view of th e  
m ethod  is  q u o te d  to d a y  an d  sh o u ld  no t be  a c c e p te d  u n c r it ic a lly .  A 
v a r ie ty  o f o th e r  m ethods of co llec tin g  d ie ta ry  d a ta  w ere d ev e lo p ed  an d  
te s te d  d u r in g  th e  1940’s an d  1950 's. All com ponen ts  o f th e  " in d iv id u a l"  
m ethod  w ere  v a r ie d : th e  n u m b er of d a y s  o f s tu d y  w ere  re d u c e d ;
h o u seh o ld  m easu re s  w ere u se d  in  p lace  o f  w e ig h in g ; r e tro s p e c t iv e  
r e c o rd s  o f food in ta k e  w ere made d u r in g  p e r io d s  o f 24 h o u rs  to  7 d a y s ; 
s e lf -a d m in is te re d  r e c o rd s  o r  q u e s tio n n a ire s  w ere s u b s t i tu te d  fo r r e g u la r  
c o n ta c ts  w ith  a d ie tit ia n  o r  o th e r  t r a in e d  in te rv ie w e r .  T he s e a rc h  fo r  a 
f a s te r ,  e a s ie r ,  le s s  e x p e n s iv e  y e t a c c u ra te  w ay o f co llec tin g  d ie ta ry  
d a ta  is  s ti l l  in  p r o g r e s s .  In  th e  U n ited  S ta te s  th e  r e s e a r c h  d ie ta ry  
h is to ry  (B u rk e ,  1947) u s in g  h o u seh o ld  m e asu re s  took  firm  ro o t an d  th e  
2 4 -h o u r  re c a ll  m ethod w as w idely  u se d  w hen in fo rm atio n  on g ro u p s  was 
re q u ir e d  (Y o u n g , H agan , T u c k e r  an d  F o s te r ,  1952). Many w o rk e rs  
h av e  in v e s t ig a te d  th e  re lia b ility  an d  v a lid ity  o f each  m ethod . B e c k e r , 
In d ik  an d  B eeuw kes p u b lish e d  a co m p reh en siv e  rev iew  of m ethodology in  
1960.
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3 .4 .1  S tu d ie s  o f in d iv id u a l e n e rg y  a n d  n u t r i e n t  in ta k e  o f o ld e r  men
a n d  women u p  to  1957. T he sm all g ro u p  o f s e le c te d  s tu d ie s  w hich  a re  
b r ie f ly  d e s c r ib e d  in  th is  a n d  th e  n e x t  s u b -s e c tio n  a re  co m pared  to  th e  
th e s is  s tu d ie s  in  th e  D iscu ssio n  S ec tio n , C h a p te r  7 . T he f in d in g s  fo r  
g ro u p s  o f  women a re  l is te d  in  T ab les  7 .24  an d  7 .30  a n d  fo r g ro u p s  o f 
m en in  T ab les  7 .19  a n d  7 .2 8 . T he s tu d ie s  w ere  se le c te d  b e c a u se  th e  
m ethods o f d a ta  co llec tion  w ere  com parab le  to  th o se  o f th e  th e s is  
s tu d ie s .
T he la ck  o f in fo rm atio n  on th e  food co n su m p tio n  o f in d iv id u a ls  of 
sp ec ific  a g e , sex  an d  o ccu p a tio n a l g ro u p s  w as re c o g n ise d  b y  W iddowson 
(1936) an d  W iddowson a n d  M cCance (1 9 3 6 ), who p u b lish e d  r e s u l t s  o f 
th e i r  s tu d ie s  o f th e  food in ta k e  o f 63 m en an d  63 women liv in g  in  th e i r  
own hom es. E leven  o f th e  women w ere  a g e d  b e tw een  50 an d  62 y e a r s  
an d  te n  o f th e  men w ere  a g e d  b e tw ee n  51 an d  89 y e a r s .  T he food o f 
eac h  in d iv id u a l w as w eighed  a n d  re c o rd e d  fo r  se v e n  d a y s .  T h ese  
a u th o rs  w ere  c o n c e rn e d  b y  th e  lack  o f in fo rm atio n  on "w hat d e p a r tu r e s  
from  th e  m ean a re  com patib le  w ith  a v e ra g e  norm al h e a l th " .  T he
p r in c ip a l f in d in g s  o f th e i r  s tu d ie s  a re  fam iliar to  all who h av e  sin ce
m ade sim ilar in v e s t ig a t io n s .  A v e r y  w ide v a r ia tio n  in  in d iv id u a l 
e n e rg y  in ta k e  a t all ag es  w as fo u n d . A lth o u g h  th e re  was a "d e f in ite  
b u t  m athem atica lly  in s ig n if ic a n t"  d e c re a se  in  e n e rg y  in ta k e  w ith  
in c re a s in g  a g e , th e  a u th o rs  co n c lu d ed  th a t  *the in d iv id u a l v a r ia tio n  a t 
eac h  age  w as so g re a t  th a t  no ru le s  fo r  th e  g u id a n c e  o f in d iv id u a ls  as 
to  th e i r  d ie ta ry  re q u ire m e n ts  a t d if f e re n t  a g es  cou ld  p o ss ib ly  be 
fo rm u la te d .
T h e y  fo u n d  no s ig n if ic a n t c o rre la tio n  b e tw ee n  e n e rg y  in ta k e  an d  
b o d y  w e ig h t. T h e ir  s u b je c ts  d e r iv e d  a g r e a te r  p ro p o r tio n  o f e n e rg y  
from  fa t (39 p e rc e n t  fo r  men an d  43 p e rc e n t  fo r  women) th a n  an y
p re v io u s  s tu d y  in  B r ita in  h a d  show n . A lso , a few s u b je c ts  h a d  v e ry
low e n e rg y  in ta k e s  a lth o u g h  th e y  a p p e a re d  to  le ad  no rm ally  ac tiv e  l iv e s ,  
a f in d in g  w hich  is  o f p e re n n ia l in t e r e s t .  T h e se  s tu d ie s  w ere  also  
n o te w o rth y  b e c a u se  l i t t le  p re v io u s  w ork  h a d  b e e n  done on th e  food 
in ta k e  o f in d iv id u a l women ( i . e . ,  women who w ere n o t s im u ltan eo u sly  
ta k in g  p a r t  in  a fam ily r e c o r d ) .
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D u rin g  th e  S econd  World War (1939-1945), s tu d ie s  o f in d iv id u a l 
food in ta k e  in  B r ita in  te m p o ra r ily  c e a se d  b u t  in fo rm atio n  on  th e  food 
in ta k e  a t th e  fam ily lev e l c o n tin u e d  to  b e  r e g a r d e d  as  o f g re a t  
im p o rta n c e . I ts  co llec tion  was re c o g n iz e d  as a re s p o n s ib il i ty  o f 
g o v e rn m e n t w hen th e  N ational Food S u rv e y  o f G rea t B r ita in  (N FS) was 
e s ta b l is h e d  in  1940, a t th e  b e g in n in g  o f W orld War I I ,  as  a g u id e  to  
w artim e food p o licy .
B etw een  1942 an d  1948 some v e ry  s ig n if ic a n t w ork  on  th e  food 
in ta k e  o f  o ld e r  women was done in  th e  U n ited  S ta te s .  V ery  d e ta ile d  
w eighed  s tu d ie s  on sm all g ro u p s  o f women ag ed  48 to  77 w ere  c a r r ie d  
o u t in  Iow a, M ichigan a n d  M issouri as p a r t  o f a la rg e -s c a le  n u tr i t io n a l  
s tu d y  (O h lso n , R o b e r ts ,  J o se p h  an d  N elso n , 1948; O h lso n , J a c k s o n , 
B oek , C e d e rq u is t ,  B rew er a n d  B ro w n , 1950).
T h ese  s tu d ie s  re f le c te d  an  in t e r e s t  in  th e  s tu d y  o f th e  e f fe c ts  o f 
a g in g , in c lu d in g  th e  n u tr i t io n a l  a s p e c ts ,  w hich  h a d  b e e n  g ro w in g  
d u r in g  th e  d eca d es  of th e  1920's an d  1930 's . D u rin g  th e se  y e a r s ,  th e re  
h a d  b e e n  a n o ticeab le  in c re a s e  in  th e  p ro p o r tio n  o f th e  p o p u la tio n  ag ed  
50 y e a r s  an d  o v e r  in  E u ro p e  an d  th e  U n ited  S ta te s .  T he age 
d is tr ib u tio n  of th e  p o p u la tio n  o f G rea t B r ita in  a n d  N o rth e rn  I re la n d  
from  1871 to  1961 is  g iv e n  in  T ab le  3 .1 .
Im m ediately a f te r  th e  w ar th e  com m ittees on ca lo rie  re q u ire m e n ts  o f 
th e  new ly  form ed  Food an d  A g r ic u ltu ra l  O rg an iza tio n  o f th e  U n ited  
N ations an d  th e  World H ealth  O rg an iza tio n  (1950, 1957) fo u n d  th a t  th e re  
w as too  l i t t le  in fo rm atio n  on th e  e n e rg y  re q u ire m e n ts  o f o ld e r  peop le  
u p o n  w hich  to  b a se  d ie ta ry  recom m endations fo r th e  age  g ro u p . T h is  
g av e  f u r th e r  im p etu s  to  th e  s tu d y  o f th e  n u tr i t io n  re q u ire m e n ts  o f 
m iddle a g e d , e ld e r ly  an d  old men an d  wom en.
In  one o f th e  f i r s t  n u tr i t io n  s tu d ie s  o f e ld e r ly  peo p le  a f te r  th e  
w a r , P y k e , H a rr is o n , Holmes an d  C ham berla in  (1947), s tu d ie d  40 women 
a n d  24 men in  L ondon . B ra n s b y  and  O sb o rn e  (1953) in v e s t ig a te d  303 
s in g le  an d  m a rried  men an d  women liv in g  a t home in  S h e ffie ld . T h ese  
w ere  s e v e n -d a y  w eighed  s tu d ie s  of food in ta k e  an d  th e  s u b je c ts  w ere all 
s ix ty  y e a r s  o r  o v e r .
In  1948-49, San Mateo C o u n ty , C a lifo rn ia  was th e  s ite  o f " p ro b a b ly  
th e  la rg e s t  c ro s s - s e c tio n  s tu d y  o f th e  n u tr i t io n a l  s ta tu s  o f a g in g  peop le
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m ade to  th a t  d a te ” (C hope a n d  D ra y , 1951). A to ta l  o f 577 men an d  
women w ere  s tu d ie d  an d  s e v e n -d a y  food r e c o rd s  in  h o u seh o ld  m e asu re s  
w ere  o b ta in e d  from them  (Gillum a n d  M organ , 1955). I t w as show n th a t  
a lth o u g h  th e  in ta k e  o f e n e rg y  an d  n u t r i e n ts  fe ll w ith  in c re a s in g  a g e , 
th e  d e c re a se  was in s ig n if ic a n t w hen  th e  r e s u l t s  w ere  e x p re s s e d  p e r  
k ilogram  of b o d y  w e ig h t. T he le a s t  ch an g e  in  th e  e n e rg y  in ta k e  o f th e  
s u rv iv o r s  a f te r  a 1 4 -y e a r  fo llow -up  was th a t  o f th e  g ro u p  who w ere 
b e tw ee n  75-79 y e a r s  in  1955 (2160 k c a l /d )  an d  89-93 in  1965 (1990 
k c a l /d )  (S te in cam p , C ohen a n d  W alsh, 1965).
Jo rd a n  (1954) r e p o r te d  on  th e  d ie ta ry  h a b i ts  o f 76 women an d  24 
men ag ed  65 o r  o ld e r  an d  liv in g  alone in  New Y o rk . L yons a n d  T ru lso n  
(1955) r e p o r te d  th e  r e s u l t s  o f d ie ta ry  h is to r ie s  ta k e n  from 69 women 
a n d  31 men o v e r  65 y e a r s  o f age in  B o s to n , b u t  no t n e c e ss a r i ly  liv in g  
a lo n e . B aines a n d  H o llingsw orth  (1955) exam ined  th e  N ational Food 
S u rv e y  r e c o rd s  fo r e ld e r ly  women liv in g  a lo n e . T h ey  o b ta in e d  d a ta  fo r 
722 women ag ed  55 to  o v e r  80 an d  fo u n d  m uch g r e a te r  e n e rg y  in ta k e s  
th a n  th o se  r e p o r te d  b y  a n y  o th e r  s tu d y .  T h e ir  r e s u l t s  p ro m p ted  
f u r th e r  in v e s tig a tio n  o f th a t  p o p u la tio n  g ro u p  b y  D u rn in , B lak e , 
B rockw ay  an d  D ru ry  (1961 ), some f in d in g s  from w hich a re  in c o rp o ra te d  
in  th is  th e s i s .
T he f in d in g s  of W iddowson an d  M cCance (1936) th a t  th e re  was 
g re a t  in d iv id u a l v a r ia tio n  in  in ta k e  o f e n e rg y  an d  th a t  some s u b je c ts  
h a d  an  u n e x p e c te d ly  low e n e rg y  in ta k e  w ere r e p e a te d  in  each  s tu d y  
w hich  h a s  b e e n  re v ie w e d . In  ad d itio n  th e re  was ev id en ce  th a t  in  
h e a l th y ,  a c tiv e  e ld e r ly  p eo p le , th e re  was v e ry  li t t le  d e c re a se  in  food 
in ta k e  u n t i l  th e y  w ere a t le a s t 70 (B ra n s b y  an d  O sb o rn e , 1953; Gillum 
a n d  M organ , 1955). C ro ss -se c tio n a l s tu d ie s  w hich  in c lu d e d  th e  s ick  
a n d  th e  p o o r show ed a m uch m ore p ro n o u n c e d  d e c re a se  in  e n e rg y  in ta k e  
b e g in n in g  a t an  e a r l ie r  age  th a n  th o se  in  w hich th e  su b je c ts  w ere 
h e a lth y  a n d  a ff lu e n t (B a tc h e ld e r , 1957).
O h lso n , R o b e r ts ,  Jo se p h  an d  N elson (1948) an d  O hlson , e t a l . ,  
(1950) sp e c u la te d  th a t  th e  ro le  of n u tr i t io n  in  th e  h e a lth  of th e  ad u lt 
”may be  in  th e  d e lay  o f th o se  c e llu la r  c h a n g e s  w hich a re  fo u n d  in  old 
a g e ” . T h ey  also  n o te d  th a t  th e re  was ev id en ce  th a t  e ld e r ly  peop le  who 
h a d  few com plain ts o f i l l-h e a lth  an d  w ere w ith in  10 p e rc e n t o f th e ir
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id e a l w eig h t h a d  a h ig h e r  food in ta k e  th a n  th o se  who w ere o v e rw e ig h t 
a n d  s u f fe re d  from v a g u e  ill h e a l th .  T h e se  w o rk e rs  c re d i te d  " p u rp o se fu l 
a c t iv ity "  w ith  s tim u la tin g  e n e rg y  in ta k e s  to  a lev e l above 1600 k c a l /d a y ,  
w hich th e y  d e s ig n a te d  as th e  minimum e n e rg y  in ta k e  a t w hich  th e re  was 
a s a t is fa c to ry  am ount an d  d is tr ib u tio n  o f  sp ec ific  v ita m in s . T h is  in ta k e  
is  s til l u s e d  as a u s e fu l  g u id e lin e  to d a y . T h ey  re -e m p h a s ise d  th e  
p rim acy  o f to ta l e n e rg y  in ta k e  as  th e  d e te rm in in g  fa c to r  in  th e  in g e s tio n  
o f  o th e r  n u t r i e n t s .
In  th e  U n ited  S ta te s  in c re a s in g  m ention  w as m ade of o v e rw e ig h t in  
th e  e ld e r ly .  L yons a n d  T ru lso n  (1955) fo u n d  48 p e r c e n t  o f men an d  56 
p e rc e n t o f women ag ed  65 o r o v e r  w ere 10 p e rc e n t  o r  m ore above th e ir  
d e s ira b le  w e ig h t.
3 .4 .2  S tu d ie s  o f in d iv id u a l e n e rg y  an d  n u t r ie n t  in ta k e  o f o ld e r  men 
a n d  women c o n c u r re n t  w ith  th e s is  s tu d ie s . T h re e  s tu d ie s  o f th e  food 
in ta k e  o f m id d le -ag e d  an d  o ld e r men a n d  women w hich  w ere c o n d u c te d  
a t ab o u t th e  same tim e as th e  th e s is  s tu d ie s  w ere  th o se  o f E x to n -S m ith  
S ta n to n , Newman a n d  R am sey (1965 ), o f M o rris , M arr, H ead y , Mills an d  
P ilk in g to n  (1963) in  E n g la n d , an d  o f F ry ,  Fox an d  L inkw iler (1963) in  
th e  U n ited  S ta te s .
N in e ty -n in e  male b a n k  c le rk s  ag ed  40-55 y e a r s  w ere  s tu d ie d  b y  
M orris an d  h is  co lleag u es as p a r t  o f an  in v e s t ig a tio n  o f th e  ae tio logy  o f 
ischaem ic h e a r t  d is e a se . T he g ro u p  o f 60 women w hich w as s tu d ie d  b y  
E x to n -S m ith  an d  S ta n to n  to  d e te rm in e  w h e th e r  th e re  was a re la tio n sh ip  
b e tw een  th e i r  e n e rg y  an d  n u tr ie n t  in ta k e  an d  th e i r  h e a lth  was v e ry  
m uch o ld e r .  All b u t  th r e e  w ere ag ed  b e tw een  70 an d  80 y e a r s  an d  
liv ed  a lo n e .
A ctiv e  h e a lth y  women o f 65 y e a rs  o f age  an d  o v e r  w ere se le c te d  
fo r s tu d y  b y  F ry ,  F ox , L inksw iler (1963). O f th e  g ro u p  o f 32, 14 
w ere  a g ed  b e tw een  64 an d  74 y e a rs  an d  th e  f in d in g s  w ere com pared  to 
Recom m ended D ie ta ry  A llow ances fo r th e  p o p u la tio n  o f th e  U nited  
S ta te s .
3 .5  Low in ta k e s  o f e n e rg y  an d  m etabolic a d a p ta tio n . T h is  to p ic  h as  
b e e n  o f c o n tin u in g  in te r e s t  th ro u g h o u t th e  h is to ry  of e n e rg y
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e x p e n d i tu re  a n d  e n e rg y  in ta k e  m e a su re m e n ts . I t  w as n o te d  in  sec tio n
3 .4 .1  th a t  th e r e  is  ev id en ce  from a n u m b e r o f s tu d ie s  th a t  some peo p le  
a re  ab le  to  rem ain  h e a l th y  an d  a c tiv e  on  w hat a p p e a rs  to  b e  an  
in a d e q u a te  in ta k e  o f e n e rg y .
D u rin g  World War I ,  B e n e d ic t,  M iles, R o th  a n d  Sm ith (1919) fo u n d  
th a t  r e s t r ic t io n  o f th e  e n e rg y  in ta k e  o f a g ro u p  o f y o u n g  men to  ab o u t 
tw o - th i rd s  o f th e i r  norm al in ta k e  a n d  m a in ten an ce  o f th is  d ie t fo r a 
p ro lo n g e d  p e r io d  h a d  few a d v e rs e  e f fe c ts  on  th e i r  h e a lth  an d  w ork  
p e rfo rm a n c e . A f te r  a w eig h t lo ss  o f o n e -e ig h th  o f p re-^experim en ta l 
w e ig h t, th e  su b je c ts  r e q u ir e d  ab o u t tw o - th i rd s  o f p re -e x p e r im e n ta l 
in ta k e  to  m ain ta in  th e  new w e ig h t. T h is  w as a c c o u n te d  fo r  b y  a 
lo w erin g  o f th e  b a sa l m etabolic r a te  d u r in g  fa ir ly  lo n g  p e r io d s  o f food 
r e s t r ic t io n .  S herm an  (1952), who d e s c r ib e d  th is  s tu d y ,  n o te d  th a t  
am ple tim e fo r  a d ju s tm e n t to  th e  low er in ta k e  (3-10 w eek s) h ad  b een  
g iv e n . T ay lo r an d  K eys (1950) d e s c r ib e d  th e  d e g re e  o f r e s t r ic t io n  o f 
e n e rg y  b y  B e n e d ic t’s su b je c ts  as  ’’m ild” . In  th e i r  own s tu d y ,  th e  
M innesota E x p erim en t on S e m is ta rv a tio n , th e  32 male s u b je c ts ,  w hose 
in itia l w e ig h t m ain ten an ce  d ie t was 3,492 k c a l /d a y ,  w ere p ro v id e d  w ith  a 
d ie t o f an  a v e ra g e  e n e rg y  v a lu e  o f ab o u t 1,570 k c a l /d a y  fo r s ix  m o n th s . 
T he p ro p o r tio n s  o f p ro te in  an d  fa t w ere  14 p e rc e n t  an d  15 p e rc e n t  
r e s p e c t iv e ly .  T he o b se rv e d  re d u c tio n  in  b a sa l m etabolism  was a t t r ib u te d  
in  p a r t  (65 p e rc e n t)  to  s h r in k a g e  of th e  m e tab o lis in g  m ass o f t i s s u e  an d  
in  p a r t  (35 p e rc e n t)  to  d e c re a se  in  th e  in te n s i ty  o f m etabolism . T his 
a d a p ta tio n  a n d  th e  f in d in g  th a t  th e  h e a r t  a lso  lo s t m uscle m ass a re  s til l  
o f  c o n s id e ra b le  in te r e s t  to d a y . T he men in  th is  e x p e rim en t lo s t 24 
p e r c e n t  o f th e i r  b o d y  w eigh t b e fo re  w eigh t m a in ten an ce  was a c h ie v e d , 
b u t  u n lik e  th e  y o u n g  men in  th e  1919 e x p e rim e n t w hose e n e rg y  in ta k e  
w as ap p ro x im a te ly  2000 k c a l /d a y ,  th e y  d id  n o t rem ain  in  good h e a l th ,  
a n d  a lth o u g h  th e y  c o n tin u e d  w ith  an  a c tiv ity  reg im e w hich  h ad  
p re v io u s ly  co s t them  ab o u t 3,500 k c a l /d a y ,  th e i r  v o lu n ta ry  p h y s ic a l 
a c t iv i ty  w as r e d u c e d .
H e g s te d  (1952) d e s c r ib e d  th e  c h a n g e s  w hich o c c u r  w hen in ta k e  of 
n u t r i e n ts  is  d e c re a se d  th u s :
U n d e r th e  s tim u lu s  o f lo s s , th e  e ff ic ie n c y  o f th e  b o d y
in c re a s e s  an d  e v e n tu a lly ,  ba lan ce  is  r e s to r e d  a t th e  low er leve l
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o f  in ta k e .  C o n v e rse ly , w hen  in ta k e  is  in c re a s e d  th e  b o d y
u ti l is e s  n u t r i e n ts  le s s  e f f ic ie n tly .
3 .6  S ta n d a rd s  a n d  recom m endations fo r  d ie ta ry  r e q u ir e m e n ts . 
In n u m era b le  recom m endations h a v e  b e e n  m ade c o n c e rn in g  m an’s n e e d s  
fo r e n e rg y  a n d  n u t r i e n t s .  Some h av e  b e e n  b a s e d  on o b se rv a tio n  o f th e  
am ount o f food co n su m ed , some on m easu rem en ts  o f e n e rg y  e x p e n d itu re  
b y  d ire c t  a n d  in d ir e c t  c a lo rim e try  an d  some on  e n e rg y  an d  n u tr ie n t  
b a lan ce  s tu d ie s .  T he  s ta n d a rd s  rev ie w e d  in  th is  sec tio n  a re  lim ited  as 
f a r  as  p o ss ib le  to  th o se  w hich  w ere  in  u se  b e fo re  an d  d u r in g  th e  
1960’s .
3 .6 .1  E n e rg y  r e q u ir e m e n ts . T he d if fe re n c e s  in  e n e rg y  re q u ire m e n ts  
am ong o cc u p a tio n s  h av e  b e e n  o f g re a t  in te r e s t  to  p h y s io lo g is ts . Voit 
A tw a te r , an d  R u b n e r  a s s e s se d  th e  da ily  e n e rg y  re q u ire m e n ts  o f a man 
d o in g  m o d e ra te  w ork  a t 3055, 3400 an d  3093 k ilo ca lo ries  re s p e c t iv e ly  
(S h e rm a n , 1952) an d  a f ig u re  o f ab o u t 3000 k ilo ca lo rie s  p e r  d ay  h ad  
becom e th e  s ta n d a rd  recom m endation  fo r  th is  lev e l o f w ork  b y  1950 
(B r it is h  M edical A sso c ia tio n , 1950; N ational R e se a rc h  C ouncil, 1953).
T he re q u ire m e n ts  o f women d o in g  m o d era te  w o rk , as h o u sew o rk  
was c la s s i f i e d ,w e r e , in  th e  a b se n c e  o f in d iv id u a l s tu d ie s ,  e s tim a ted  as 
80-90 p e rc e n t  of th o se  o f m en, nam ely ap p ro x im ate ly  2500 k ilo ca lo rie s . 
W iddowson an d  M cCance (1936) n o te d  th a t ,  on th e  b a s is  o f k ilo ca lo ries  
p e r  k ilogram  of b o d y  w e ig h t, th e  re q u ire m e n ts  o f women w ould th e n  be 
alm ost e x a c tly  th e  same as th o se  o f men (43 k c a l /k g ) .  When th e y  
s tu d ie d  in d iv id u a l wom en, th e y  fo u n d  th a t  ev en  w ith  few h o u seh o ld
a id s ,  th e i r  m ean in ta k e  was n e a re r  to  2100 k ilo ca lo ries  p e r  d a y .
O rr  an d  L eitch  (1938) recom m ended 2100 k c a l /d a y  fo r a h o u sew ife ,
2000 k c a l /d a y  fo r a ty p i s t ,  an d  2700 an d  3200 k c a l /d a y  fo r a male c le rk
a n d  a p a in te r  r e s p e c t iv e ly . T h ey  c o n s id e re d  th e se  to  b e  re a so n a b le  
e s tim a te s  an d  re m a rk e d  th a t  a lth o u g h  i t  w ould b e  p o ss ib le  to  live  an d  
w ork  a t  m uch low er in ta k e s ,  i t  m ight be  a t th e  e x p e n se  o f h e a lth  an d  
e f f ic ie n c y .
T he  Comm ittee on C alorie R eq u irem en ts  o f th e  Food an d
A g r ic u ltu re  O rg an iza tio n  (FAO) 1957, recom m endation  fo r  a re fe re n c e
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woman a g e d  25 w e ig h in g  55 k g  a n d  e n g a g e d  in  o rd in a ry  h o u sew o rk  w as 
2300 k c a l /d a y  a n d  fo r  a  re fe re n c e  man a g e d  25 y e a r s  w eig h in g  65 k g ,  
3000 k c a l /d a y .
A n allow ance fo r  d ec re m en t in  e n e rg y  re q u ire m e n t w ith  age  was 
m ade in  tw o r e p o r ts  o f th e  Com m ittee on C alorie  R eq u irem en ts  o f th e  
Food a n d  A g r ic u ltu re  O rg an iza tio n  o f th e  U n ited  N ations (1950 an d  
1957), b u t  th e  com m ittees h a d  g re a t  d if f ic u lty  in  fo rm u la tin g  th e i r
recom m endations e sp e c ia lly  fo r  wom en. T h e re  h a d  b e e n  few good 
s tu d ie s  o f th e  d ie ta ry  in ta k e  o f o ld e r  in d iv id u a ls  a n d  p ra c t ic a l ly  none o f 
2 4 -h o u r  e n e rg y  e x p e n d i tu r e .
A rev iew  o f th e  h is to ry  o f d if fe re n t  s ta n d a rd s  o f d ie ta ry  
re q u ire m e n ts  w as m ade in  a r e p o r t  o f Jo in t E x p e r t  Comm ittee on E n e rg y  
an d  p ro te in  R eq u irem en ts  ( FAQ/WHO 1973). I t w as p o in te d  o u t th a t  
sca le s  b a s e d  so le ly  on o b se rv a tio n s  of a c tu a l food con su m p tio n  m ay be  
in  e r r o r  b e c a u se  "w hat is "  will n o t be  "w h a t sh o u ld  b e " .  In  s p ite  o f 
th i s ,  th e s e  o b s e rv a tio n s  h a v e , in  g e n e ra l ,  form ed  th e  main b a s is  o f 
e n e rg y  sc a le s  b e c a u se  i t  h a s  b een  assu m ed  th a t  th e  q u a n t i ty  o f food 
e a te n  b y  h e a lth y  peop le  liv in g  a norm al life  r e p r e s e n ts  th e ir
re q u ire m e n ts .  T h is  was th e  p o s itio n  ta k e n  w hen th e  th e s is  s tu d ie s  
w ere  u n d e r ta k e n  to  d e te rm in e  th e  e n e rg y  re q u ire m e n ts  o f some g ro u p s  
Of e ld e r ly  p eo p le  in  S co tlan d .
3 .6 .2  P ro te in  re q u ire m e n ts  h av e  b een  a s s e s s e d  a t su c h  d iv e rs e  le v e ls
as  145 g /d a y  b y  Voit in  1881, an d  40 g /d a y  b y  C h itte n d e n  in  1905.
(D av id so n  a n d  P assm o re , 1986). Sherm an  (1933 ), T he L eague o f N ations 
Com m ittee (1935 ), an d  th e  Food an d  N u tr it io n  B o a rd , NRC (1953) 
p ro p o s e d  1 gram  of p ro te in  p e r  k ilogram  of b o d y  w eig h t an d  th is  is  s till 
a u s e fu l  a n d  w ell-know n s ta n d a r d .  T he R e p o rt o f th e  FAQ/WHO 
Com m ittee on E n e rg y  an d  P ro te in  R eq u irem en ts  (1973) tr a c e d  th e  
p r o g r e s s  o f e s tim a te s  o f p ro te in  n e e d s , c i tin g  th e  ex trem e d if fe re n c e s ,  
su c h  8& th o se  b e tw een  C h itte n d e n  and  Voit an d  th e  enorm ous am ount of 
r e s e a r c h  on d if fe re n c e s  in  p ro te in  q u a lity  fo r n u tr i t io n a l  p u rp o s e s  
b e g in n in g  w ith  th e  w ork  of Thom as in  1909 to  th a t  o f Rose on e s se n tia l 
amino a c id s  in  th e  1930?s .  In  1957 th e  c o n ce p t o f a re fe re n c e  p ro te in  o f 
h ig h  n u tr i t iv e  v a lu e  was a r r iv e d  a t b y  th e  FAO Comm ittee on P ro te in
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R e q u ire m e n ts . In  1965 an  es tim a te  w as m ade o f th e  p ro te in
re q u ire m e n ts  o f a d u l ts  a t 1 .01 g /k g  b o d y  w e ig h t. T h is  w as d e r iv e d
from com plex ca lc u la tio n s  b a s e d  on th e  th r e e  fa c to rs  o f o b lig a to ry  N 
lo sse s  o r  N b a la n c e s ,  p ro te in  q u a lity  b a s e d  on  b io log ical v a lu e s  o r  
chem ical s c o re s  a n d  a s a fe ty  fa c to r  to  allow fo r in d iv id u a l v a r ia t io n s .  
T h is  es tim a te  d if fe re d  li ttle  from th a t  recom m ended b y  th e  L eague o f 
N ations in  1935 w hich  was l g / k g  b o d y  w e ig h t.
A re la tio n s h ip  b e tw ee n  th e  a d e q u a c y  o f e n e rg y  in ta k e  an d  p ro te in  
in ta k e  was n o te d  b y  C a th c a r t  in  1931 an d  b y  M unro in  1951. C a th c a r t 
ack n o w led g ed  th a t  in  th e  e a r l ie r  p a r t  o f th e  c e n tu ry  all th e  s t r e s s  h ad  
b e e n  la id  on th e  ’’ca lo rie  su ff ic ie n c y  o f th e  d ie t” . He e n d o rs e d  th e
co n ce p t ’’T ake  c a re  o f th e  ca lo rie s  an d  th e  p ro te in  will ta k e  c a re  o f
i t s e l f . ” M unro fo u n d  th a t  e n e rg y  in ta k e  a f fe c ts  p ro te in  u tiliz a tio n  an d  
m etabolism  w ith  th e  r e s u l t  th a t  r e d u c tio n  in  e n e rg y  in ta k e  in  a d u lts  
r e s u l t s  in  a lo ss  o f b o d y  p ro te in  an d  in  im p a ired  u tiliz a tio n  o f p ro te in s  
ad d ed  to  th e  d ie t .  He a d v ise d  th a t  s in ce  p a r t  o f th e  d ie ta ry  p ro te in  is  
u s e d  to  p ro v id e  e n e rg y ,  th e  a d e q u a c y  o f e n e rg y  in ta k e s  m ust b e  ta k e n  
in to  a cc o u n t in  d e te rm in in g  p ro te in  re q u ire m e n ts .
3 .6 .3  C om position o f th e  d i e t . The c o n tr ib u tio n  o f p ro te in ,  f a t ,  an d  
c a rb o h y d ra te  to  th e  e n e rg y  v a lu e  of d ie ts  h a s  f lu c tu a te d  in  th e  p a s t  as 
recom m endations fo r  p ro te in  in ta k e  in c re a s e d  o r  d e c re a se d . T oday  th e  
recom m ended  com position o f th e  d ie t te n d s  to  v a ry  w ith  recom m endations 
fo r  fa t in ta k e .  V oit in  1881 recom m ended a d ie t c o n s is tin g  o f 15% 
p ro te in ,  65% c a rb o h y d ra te  an d  20% fa t as th e  c o r re c t  p ro p o r tio n s  in  a 
d ie t su p p ly in g  3055 k ilo ca lo ries  to  a man w o rk in g  a t m anual la b o u r  fo r 
8-10 h o u rs  a d a y . P la y fa ir  in  E d in b u rg h  p ro p o se d  in  1865 th a t  p ro te in  
sh o u ld  c o n tr ib u te  15-20 p e rc e n t  an d  fa t 13-18 p e rc e n t  to  th e  e n e rg y  
v a lu e  o f th e  d ie t .  T h ese  v a lu e s  w ere  b a se d  on consum ption  d a ta  o f 
d if fe re n t  g ro u p s  of w o rk e rs  (G uggenheim , 1981). T he d ie ts  commonly 
consum ed  in  E u ro p e  an d  th e  U n ited  S ta te s  in  m ore re c e n t  y e a rs  an d  up  
to  ab o u t 1970 h av e  conform ed to  a p a t te r n  of ap p ro x im ate ly  12-15 p e r ­
c e n t p ro te in ,  40-45 p e rc e n t  f a t ,  and  45-48 p e rc e n t  c a rb o h y d ra te .
T he 1950 r e p o r t  o f th e  Comm ittee on N u tr itio n  of th e  B r it is h  M edical 
A ssocia tion  (BMA) recom m ended th a t  o v e r  11 p e rc e n t o f to ta l e n e rg y
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v a lu e  sh o u ld  b e  from  p ro te in  a n d  n o t le ss  th a n  25 p e rc e n t  from  fa t 
r i s in g  to  35 p e rc e n t  w ith  in c re a s in g  e n e rg y  e x p e n d i tu r e .  T he im p o rt­
an ce  o f d ie ta ry  f ib re  w as u n d e re s tim a te d  u n ti l  ap p ro x im a te ly  1969 
(E astw ood  a n d  P assm o re , 1983). T h e re  w ere  no q u a n tif ie d  recom m enda­
tio n s  on in ta k e .
3 .6 .4  Calcium r e q u ir e m e n ts . R e p o rts  o f d ie ta ry  s tu d ie s  in  th e  U .K . 
a n d  th e  U .S . th ro u g h o u t th e  1940’s a n d  1950’s u su a lly  r e p o r te d  calcium  
in ta k e s  as b e in g  s a t is f a c to ry  in  men a n d  u n s a t i s f a c to ry  in  women. 
T h ese  c o n c lu s io n s  w ere  b a s e d  f i r s t ly  on co m p ariso n s w ith  th e  lev e l o f 
in ta k e  recom m ended  b y  S herm an  in  h is  te x tb o o k , C h em is try  o f Food an d  
N u tr it io n  (8 th  e d itio n , 1952) an d  th e n  on  recom m ended  allow ances 
p ro p o se d  b y  th e  B r it is h  M edical A ssocia tion  (1950) a n d  th e  N ational 
R e se a rc h  C ouncil (1948) o f 800 m g /d a y  an d  1000 m g /d a y  r e s p e c t iv e ly . 
A re v is io n  o f th e  U .S . s ta n d a rd s  was m ade in  1953 to  700 m g /d a y . T he 
re q u ire m e n t fo r calcium  is  o p en  to  d e b a te .  T h e re  is  ev id en ce  th a t  in  
m any c o u n tr ie s  th e  in ta k e  is  ex tre m e ly  low an d  y e t  no ev id en ce  of 
c lin ica l d e fic ien cy  e x is t s .  T he  p re s e n c e  in  th e  g u t o f com pounds w hich 
h a v e  b e e n  show n to  im pair calcium  a b s o rp tio n , in c lu d in g  p h y ta te ,  f ib r e ,  
ce llu lo se  an d  o x a la te  m ake th e  e s tim ate  o f r e q u ire m e n ts  u n c e r ta in .  At 
th e  tim e of th e  th e s is  s tu d ie s ,  th e s e  fa c to rs  w ere  th e  su b je c t o f c o n tro ­
v e r s y  as  th e y  a re  to d a y  (M cCance a n d  W iddowson, 1942, A llen , 1982). 
T he su g g e s tio n  th a t  calcium  in ta k e  m ight b e  re la te d  to  th e  developm ent 
o f o s te o p o ro s is  w as m ade b y  N ord in  in  1960 an d  is  s til l  b e in g  d e b a te d  
(N o rd in , 1985).
3 .6 .5  I ro n  r e q u ir e m e n ts . T he in ta k e  o f iro n  r e p o r te d  in  th e  e a r ly  
in d iv id u a l d ie ta ry  s tu d ie s  h a s  u su a lly  b e e n  sa id  to  b e  in a d e q u a te  fo r 
w om en. W iddowson an d  M cCance (1936) r e p o r te d  th a t  th e  am ount o f 
iro n  in  th e  food o f th e i r  female su b je c ts  was p ro b a b ly  in a d e q u a te  fo r 
th e i r  p h y s io lo g ica l re q u ire m e n ts .  In  1950 th e  B r it is h  and  th e  A m erican 
recom m ended  allow ance fo r n o n -p re g n a n t ,  n o n -  la c ta t in g  a d u lt women 
w as 12 m g /d a y , th e  same as fo r  ad u lt m en. Much o f th e  w ork  on iro n  
a b so rp tio n  was y e t  to  b e  d o n e , b u t  th e  B r it is h  allow ances rem ain  th e  
same to  th is  d a y , e v e n  fo r p o s t-m e n o p a u sa l wom en. T h ey  a re  b a se d  on
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th e  n e e d s  fo r  re p la cem e n t o f t i s s u e  lo ss  a n d  an  es tim a te  o f  a b so rp tio n  
a s  10 p e rc e n t  o f in ta k e .
3 .6 .6  T he  u s e  o f d ie ta ry  s t a n d a r d s . P e t t ,  in  1951, rev ie w e d  th e  
ev o lu tio n  o f d ie ta ry  s ta n d a rd s  an d  co n c lu d ed  th a t  th e  u se  in te n d e d  fo r 
th e  s ta n d a r d  h a d  alw ays in f lu e n c e d  th e  choice o f f ig u re s .  He c ite d  
Sm ith in  1862 as  th e  f i r s t  s c ie n t is t  to  ad v ise  c e r ta in  lev e ls  o f in ta k e  o f  
c a rb o n  a n d  n it ro g e n  (e q u iv a le n t to  ab o u t 2800 k c a l /d a y  an d  81 g /d a y  of 
p ro te in  fo r  men a n d  ab o u t 2650 k c a l /d a y  a n d  77 g /d a y  o f p ro te in  fo r 
women) " to  a v e r t  s ta rv a t io n  d is e a s e s ” am ong unem ployed  co tto n  
w o rk e rs . F o u r m ajor p u rp o s e s  fo r d ie ta ry  s ta n d a rd s  w ere d e fin e d  b y  
P e t t :  fo r  u se  in  c a lc u la tin g  th e  n u tr ie n t  re q u ire m e n ts  of a p o p u la tio n ; 
fo r  u se  in  e s ta b l is h in g  re g u la tio n s  u n d e r  th e  food a n d  d ru g  ac t 
g o v e rn in g  th e  c o n te n ts  of fo o d s , d ie ta ry  su p p le m e n ts  o r  d ru g s  a n d  o f 
allow able claim s fo r  them ; fo r u se  in  e v a lu a tin g  th e  d ie ta ry  s ta tu s  o f a 
g ro u p  o f peo p le  from  th e  to ta l  a n d  a v e ra g e  q u a n tit ie s  o f foods e a te n , o r 
in  p ro v id in g  foods fo r su c h  a g r o u p ; an d  fo r  u se  in  e v a lu a tin g  th e  
d ie ta ry  s ta tu s  of an  in d iv id u a l from th e  foods e a te n  o r from th e  foods 
p u rc h a s e d .  He co n c lu d ed  th a t  no one s e t  o f  f ig u re s  cou ld  be  u se d  
p ro p e r ly  fo r  all th e se  p u rp o s e s .  R ecen t w ork  aimed a t d e v is in g  a t le a s t 
tw o le v e ls  o f d ie ta ry  s ta n d a rd s  is  d is c u s s e d  b y  P assm ore an d  E astw ood 
in  Human N u tr itio n  an d  D ie te t ic s , 8 th  E d itio n , 1986.
3 .7  Sum m ary o f th e  h is to r ic a l c o n te x t o f th e  s tu d ie s  r e p o r te d  in  th is  
th e s i s .  In  th e  la te  1950rs i t  was becom ing in c re a s in g ly  c le a r  th a t  th e  
n u m b e r o f peop le  s u rv iv in g  in to  an d  b ey o n d  th e  6 th , 7 th ,  an d  8 th  
d e c a d e s  o f life  h a d  in c re a s e d  s u b s ta n tia lly  s in ce  th e  b e g in n in g  o f th e  
c e n tu r y ,  b u t  v e ry  li t t le  was know n o f th e  p ro c e s s e s  an d  c o n seq u en c es  
o f  a g in g , p a r t ic u la r ly  b ey o n d  th e  m iddle y e a r s .
O ne a re a  o f c o n c e rn , n a tio n a lly  an d  in te rn a tio n a lly ,  was th e  lack  
o f good in fo rm atio n  on th e  e n e rg y  re q u ire m e n ts  o f th is  g ro w in g  segm en t 
o f th e  p o p u la tio n  an d  o f th e  p o ssib le  d if fe re n c e s  in  th e  p a t te r n s  o f 
a c t iv i ty  o f o ld e r  com pared  to  y o u n g e r  p eo p le , w hich m ight r e s u l t  in  
d if fe re n c e s  in  th e i r  e n e rg y  e x p e n d itu re  an d  e n e rg y  in ta k e .
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A sm all am ount o f in fo rm atio n  w as ava ilab le  on  th e  food in ta k e  of 
o ld e r  m en an d  w om en, b u t  th e re  w as no n e  on  th e  2 4 -h o u r  e n e rg y  
e x p e n d i tu re  a n d  th e  d a ily  p a t te r n s  o f  a c t iv ity  o f g ro u p s  o f m en o r 
women a g e d  50 a n d  o v e r  in  d if fe re n t  o c c u p a tio n s .
T h is  in fo rm atio n  h ad  b een  o b ta in e d  in  a s tu d y  b y  G a r ry ,  e t a l . ,  
(1955) o f m in ers  an d  c le rk s  a g e d  b e tw ee n  20-46 y e a r s  in  F ife , S co tlan d . 
A n u m b e r o f q u e s tio n s  w ere  a d d re s s e d  ab o u t th e  re la tio n s h ip s  b e tw een  
e n e rg y  e x p e n d i tu re  in  o ccu p a tio n a l an d  n o n -o c c u p a tio n a l tim e an d  
b e tw een  e n e rg y  in ta k e  an d  e x p e n d i tu r e .  I t w as show n th a t  th e re  was a 
d if fe re n c e  b e tw ee n  th e  to ta l  da ily  e n e rg y  e x p e n d itu re  o f men who 
p e rfo rm e d  h a rd  p h y s ic a l la b o u r  d u r in g  th e i r  w o rk in g  h o u rs  an d  th o se  
w hose w o rk  w as m ainly s e d e n ta ry ,  th a t  th is  d if fe re n c e  w as alm ost 
w holly d u e  to  th e  e n e rg y  dem ands o f o ccu p a tio n a l a c t iv it ie s  a n d  th a t  
th e r e  w as no d if fe re n c e  b e tw een  th e  e x p e n d i tu re  o f e n e rg y  o f th e  
g ro u p s  d u r in g  n o n -o c c u p a tio n a l tim e. A lso , th e  d if fe re n c e  b e tw een  
e n e rg y  in ta k e  from  food o f th e  two g ro u p s  re f le c te d  th e  d iffe re n c e  in  
th e i r  e n e rg y  e x p e n d i tu r e ,  th e  e n e rg y  in ta k e  o f each  g ro u p  re f le c te d  th e  
e n e rg y  e x p e n d itu re  o f th e  g ro u p  an d  th e  p ro p o r tio n s  o f p ro te in ,  fa t 
a n d  c a rb o h y d ra te  in  th e  d ie t of each  o ccu p a tio n a l g ro u p  w ere v e ry  
s im ila r .
I t was n o t know n w h e th e r  th e re  w ould b e  sim ilar f in d in g s  i f  men 
an d  women in  th e  age  g ro u p  50 to  65 y e a rs  w ere  s tu d ie d . Nor w h e th e r  
th e  sp e c u la tio n  m ade b y  D u rn in  in  1956 th a t  th e re  m ight b e  v e ry  li t t le  
c h a n g e  in  to ta l e n e rg y  e x p e n d itu re  d u r in g  a d u lt life up  to  ab o u t 65 
y e a r s  w ould be  s u b s ta n t ia te d .
A lth o u g h  th e re  e x is te d  m ore in fo rm atio n  on th e  food in ta k e  th a n  on 
th e  e n e rg y  e x p e n d itu re  o f o ld e r  men an d  wom en, th e  n u tr i t io n  o f th o se  
in d iv id u a ls  ag ed  60 an d  o v e r  who liv ed  alone was o f some c o n c e rn . 
T h ey  w ere  c o n s id e re d  to  b e  a t h ig h e r  r i s k  o f s u f fe r in g  from e n e rg y  an d  
n u t r ie n t  d e fic ien c ies  b e c a u se  o f th e i r  socio-econom ic c irc u m sta n c e s  th a n  
peo p le  o f th e  same age who liv ed  w ith  o th e r  fam ily m em bers.
F in a lly , m ethods w ere ava ilab le  fo r  m e asu rin g  food in ta k e  an d  
e n e rg y  e x p e n d itu re  w hich h ad  b een  te s te d  a n d  re f in e d  in  th e  la b o ra to ry  
an d  in  th e  fie ld  an d  h ad  b een  em ployed im m ediately  p r io r  to  th e  th e s is
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s tu d ie s  b y  D u rn in ,  e t a l . , (1957) in  a s u rv e y  o f a g ro u p  o f 
m id d le -a g e d  h o u sew iv es  an d  th e i r  a d u lt  d a u g h te r s .
T he  s tu d ie s  w hich  a re  r e p o r te d  in  th is  th e s is  w ere  u n d e r ta k e n  
from  1959 to  1965. T h ey  w ere  am ong th e  f i r s t  to  in v e s t ig a te  th e  to ta l 
e n e rg y  re q u ire m e n ts  o f o ld e r  men a n d  women a n d  th e y  rem ain  am ong 
th e  v e ry  few in  w hich  m e asu rem en ts  h a v e  b e e n  m ade o f th e  e n e rg y  
e x p e n d i tu re  o f h e a l th y  o ld e r  peop le  e n g a g e d  in  th e i r  u s u a l o ccu p a tio n s  
a n d  liv in g  in  th e i r  own hom es.
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PART 2. Review  o f L i te ra tu re  from  1966 to  1988.
3 .8  D evelopm ent a n d  p r e s e n t  s ta tu s  o f c o n c e p ts  an d  m ethods
3 .8 .1  I n tro d u c t io n . T he p e r io d  s in ce  1966 h a s  b e e n  m ark ed  b y  m any 
d ev e lo p m en ts  in  th e  c o n c e p ts  a n d  m ethods a s so c ia te d  w ith  th e  s tu d y  o f 
e n e rg y  re q u ire m e n ts  an d  how th e y  a re  a ffe c te d  b y  th e  a g in g  p ro c e s s .  
In c re a s e d  co o p e ra tio n  b e tw ee n  ep idem io log ists  an d  n u tr i t io n is ts  to  
e v a lu a te  th e  c o n tr ib u tio n  of d ie t to  d e g e n e ra tiv e  d ise a se  h a s  n e c e s s ita te d  
c r it ic a l  exam ination  o f m ethods to  a s s e s s  th e i r  v a l id ity ,  a c c u ra c y  and  
re lia b il i ty  as  in s tru m e n ts  fo r  epidem iological r e s e a r c h .
Two co o p e ra tiv e  e f fo r ts  r e le v a n t  to  th e  m a te ria l o f th e  th e s is  w ere
th e  r e p o r ts  from th e  E u ro p ea n  Com m unity on ,fThe d ie t fa c to r  in  
epidem iological r e s e a r c h ” (1982) an d  "S u rv e illa n c e  o f th e  d ie ta ry  h a b i ts  
o f th e  p o p u la tio n  w ith  r e g a rd  to  c a rd io v a sc u la r  d ise a se "  (1983 ). A th i r d  
im p o rta n t r e p o r t  a d d re s s e d  "Hum an e n e rg y  m etabolism : p h y s ic a l a c t iv ity  
a n d  e n e rg y  e x p e n d itu re  m easu rem en ts  in  epidem iological r e s e a r c h  b a s e d
u p o n  d ire c t  an d  in d ir e c t  ca lo rim e try "  (1984).
T h e se  th r e e  r e p o r ts  a re  a u th o r i ta t iv e  rev ie w s  of m ethods u s e d  to  
o b ta in  th e  ty p e  of d a ta  r e p o r te d  h e re .  In  ad d itio n  to  s ta n d a rd iz a tio n  of 
m easu rem en ts  o f d ie ta ry  in ta k e ,  e n e rg y  e x p e n d itu re  an d  in d ices  o f b o d y  
size  an d  com position , th e y  em phasized  th a t  ag ree m en t is  also  n e c e s s a ry  
on  s tu d y  d e s ig n , on d e fin itio n  o f te rm s  an d  on u n i ts  u s e d  to  e x p re s s  
m easu rem en ts  an d  c a lc u la tio n s . T he recom m endations o f th e s e  r e p o r ts  
a re  im p o rta n t b e c a u se  com parison  an d  a g g re g a tio n  o f th e  r e s u l t s  of m any 
s tu d ie s  a re  o f te n  h in d e re d  b y  th e  v a r ie ty  in  p u rp o s e ,  s tu d y  p o p u la tio n  
a n d  m ethods u s e d .  D u rn in  an d  F e rro -L u z z i (1982) s u g g e s te d  some b as ic  
s ta n d a r d s  fo r  c o n d u c tin g  an d  r e p o r t in g  s tu d ie s  on hum an e n e rg y  in ta k e  
a n d  o u tp u t .
3 .8 .2  E n e rg y  e x p e n d itu re  an d  p h y s ic a l a c tiv ity ; co n ce p ts  an d  m ethods o f 
m e a su re m e n t.
3 .8 .2 .1  E n e rg y  e x p e n d i tu r e . D u rn in  in  1978 m ade a c r it iq u e  o f th e  
p ra c t ic a l  p rob lem s in v o lv ed  in  m e asu rin g  e n e rg y  e x p e n d itu re  b y  in d ire c t 
c a lo r im e try . He rev ie w e d  th e  v a r ie ty  o f te c h n iq u e s  w hich  h ad  b een
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d ev e lo p ed  s in ce  th e  m id-1960’s w hen th e  K-M re s p iro m e te r  h a d  b e e n  th e  
o n ly  p o r ta b le  dev ice  a v a ila b le . He d id  n o t c o n s id e r  th a t  tw o te c h n iq u e s  
w hich  a p p e a re d  to  b e  p ro m is in g , th e  In te g ra te d  M otor P n eu m o to g rap h
(IM P) o r  th e  a s se s sm e n t o f e n e rg y  e x p e n d i tu re  from  h e a r t  r a te  w ere 
s u f f ic ie n tly  re lia b le . He a s s e s s e d  th e  in s tru m e n ta l  e r r o r  a t a n y w h ere  
from  2 p e rc e n t  to  20 p e r c e n t  d e p e n d in g  on th e  c irc u m sta n c e s  o f u s e .  
A lth o u g h  h e  co n c lu d ed  th a t ,  in  th e  r ig h t  h a n d s ,  a c c ep tab le  a c c u ra c y  
cou ld  b e  a c h ie v e d  b y  a c tiv ity  r e c o rd s  an d  in d ir e c t  c a lo r im e try , he  c ite d
some o f h is  own s tu d ie s ,  w hich c a s t some d o u b t on th e  m ethod . His
s tu d ie s  o f th e  e n e rg y  co s t o f p re g n a n c y  in  w hich  c a re fu l e n e rg y  
e x p e n d i tu re  m easu rem en ts  w ere c a r r ie d  o u t led  him to  co n c lu d e  th a t  su c h  
m e asu re m en ts  "can  b e  of li tt le  a s s is ta n c e  in  a s s e s s in g  e n e rg y  b a lan ce  
u n d e r  f re e  l iv in g  c o n d itio n s” (D u rn in , 1984a) an d  " c a n n o t d isc rim in a te  to  
le v e ls  o f 420-630 k J /d a y "  (D u rn in , 1987). He s u g g e s te d  th a t  to ta l
e n e rg y  in ta k e  co u p led  w ith  d a ta  on c h a n g e s  in  w eig h t an d  b o d y
com position  w ould p ro v id e  s a t is fa c to ry  d a ta  on  e n e rg y  e x p e n d itu re  an d  
e n e rg y  b a lan ce  i f  th e  e n e rg y  in ta k e  s tu d ie s  w ere  re p e a te d  a t in te rv a ls  
a n d  a r e g u la r  r e c o rd  o f w eigh t m ade.
A ch eso n , C am pbell, Edholm , M iller an d  S tock  (1980 a , b , e , )
p u b lish e d  th e  r e s u l t s  o f a lo n g itu d in a l s u rv e y  o f th e  e n e rg y  in ta k e ,  
e x p e n d i tu re  an d  b a lan ce  o f 12 men a t an  A n ta rc t ic  b a se  in  w hich  th e y  
com pared  m ethods o f o b ta in in g  d a ta .  T h e ir  te c h n iq u e s  in c lu d e d  th o se  
u s e d  in  th e  th e s is  s tu d ie s .  T h ey  u se d  th e  fa c to r ia l m ethod to  m easu re  
e n e rg y  e x p e n d itu re  an d  w eighed  th e  food in ta k e .  T h ey  co n c lu d ed  th a t
th e s e  m e th o d s , a lth o u g h  no t a c c u ra te  en o u g h  to  p r e d ic t  fa t ga in  o r  lo s s ,
g av e  a re a so n a b le  es tim ate  o f food in ta k e  an d  e n e rg y  e x p e n d i tu re .  T h ey  
d is c u s s e d  th e  p o ss ib ili ty  o f com bining  lo n g -te rm  m easu rem en ts  o f b o d y  
fa t  an d  e n e rg y  in ta k e  to  p ro v id e  an  e s tim ate  o f e n e rg y  e x p e n d i tu re .
In  a f u r th e r  p a p e r  on th e  su b je c t from  th e  r e p o r t  o f  a E u ro p ean  
C om m unity W orkshop on Human E n e rg y  M etabolism  (19 8 4 b ), D u rn in  
a n a ly se d  th e  so u rc e s  o f e r r o r  in  th e  m ethod  an d  o u tlin ed  th e  ty p e  o f 
in fo rm atio n  w hich u se  o f th e  a c tiv ity  d ia ry - re s p iro m e te r  com bination  
cou ld  s u p p ly .  If  th e se  su g g e s tio n s  on th e  u se  o f lo n g -te rm  m e a su re ­
m en ts o f b o d y  w eigh t and  com position in  com bination  w ith  m easu rem en ts
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of en e rg y  in ta k e  a t  s p e c if ie d  in te rv a ls  a re  a c ted  upon, th e re  may be 
a m ore r a p id  accum ulation of d a ta  on energy  e x p e n d itu re .  In th e  p a s t 
tw en ty  y e a r s  l i t t l e  such  d a ta  h a s  been c o lle c te d  b ecause  of th e  
d i f f ic u l ty  and ex p en se  of f ie ld  s tu d ie s .
B run, W ebb, Rack and B lackw ell (1984) a ttem p ted  to v a l id a te  th e  
a c t iv i ty  d ia ry - r e s p i ro m e te r  m ethod , by  th e  use  of d i r e c t  c a lo r im e try  
in  a m e tab o lic  room o v e r 24 h ou rs as a re fe re n c e  te c h n iq u e . The 
d ia ry - r e s p i r o m e te r  m ethod u n d e re s tim a te d  th e  d a i ly  energy  e x p e n d itu re  
b y  an a v e ra g e  of m ore th an  300 k c a l .  L arge in t r a  and in te r -  
v a r i a b i l i t y  was o b se rv e d  w h ich  lim ite d  th e  p o s s ib i l i ty  of 
d em o n stra tin g  a s ig n if ic a n t d iffe re n c e  th a t  could  be a t t r ib u te d  to 
te c h n iq u e  a lo n e . On th e  o th e r  h an d , P re n tic e ,  D av ies, B lack e t  a l . ,
(1985) r e p o r te d  th a t  when sim ultaneous s tu d ie s  of energy  e x p e n d itu re  
b y  th i s  m ethod and energy  in ta k e  a re  m ade, energ y  e x p e n d itu re  
e s tim a te s  u su a lly  exceed  energy  in ta k e  e s tim a te s  by  a s u b s ta n tia l  
m arg in .
T he a re a  of energy  e x p e n d itu re  m easurem ent in  w h ich  enormous 
p ro g re s s  h as  been made is  in  th e  co n s tru c tio n  of human c a lo r im e te rs . 
Webb (1984) re p o r te d  th a t 25 m achines had  been b u il t  s ince  W orld War 
II in c lu d in g  th e  s u it  c a lo r im e te r , w h ich  h e  d e v e lo p e d . A l i s t  of 10 
d i r e c t  c a lo r im e te rs  and 14 in d ire c t-w h o le -b o d y  c a lo r im e te rs  was g iven  
b y  Van Es (1984). The use of th e  f i r s t  of th e se  p o s t-A tw a te r 
m achines was not re p o r te d  u n til 1971. Some of th e  uses to w h ich  th e se  
new c a lo r im e te rs  a re  being put a re  in  m easurem ents of th e  energy  co st 
of s le e p ,  th e  energy  cost of l i f e s ty le s  w hich  in c lu d e  v a rio u s  le v e ls  of 
p h y s ic a l  a c t iv i ty  and s tu d ie s  of d ie ta ry  induced  th e rm o g en es is .
P e rh a p s  m ost hopefu l fo r f ie ld  s tu d ie s  is  th e  em ergence of th e
2 18d o u b ly  la b e lle d  w ate r ( H2 0 ) m ethod of m easuring C02 p ro d u c tio n
o v e r  p e r io d s  of a week o r more (L ifson  and M cC lintock, 1966). I t
h a s  been  c r i t ic i s e d  by  Durnin (1984) as p e rh a p s  an e x p e n s iv e  way of
v a l id a tin g  energy  in tak e  m easurem ents. In th i s  m ethod , th e  su b je c t
2 18re c e iv e s  an o ra l dose of s ta b le  is o to p ic a l ly  la b e lle d  w a te r ( H2 0 ) ,  
C09 p ro d u c tio n  is  c a lc u la te d  and c o r re c te d  fo r known is o to p ic  
f ra c tio n a tio n  e ffe c ts  and energy  e x p e n d itu re  is  c a lc u la te d  from  th e  C02 
p ro d u c tio n  r a te  w ith  s ta n d a rd  in d i r e c t  c a lo r im e tr ic  c a lc u la tio n s . The
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e n e rg y  e x p e n d i tu re  o f 12 h e a lth y  f r e e - l iv in g  women ag ed  23 -  40 w as 
s tu d ie d  b y  P re n tic e ,  D av ies , B la ck , A sh fo rd , C ow ard , M u rg a tro y d , 
G o ld b erg  a n d  S aw yer (1985 ). I t w as a lso  m e a su re d  b y  c o n tin u o u s  w hole- 
b o d y  c a lo rim e try  o v e r  a 3 6 -h o u r p e r io d . T h is  s tu d y  w as th e  f i r s t  fie ld  
m easu rem en t o f to ta l  e n e rg y  e x p e n d itu re  (TEE ) w ith  th e  d o u b ly  lab e lled  
w a te r  m ethod  a n d  one o f th e  f i r s t  to  p r e s e n t  su c h  d a ta  as a b so lu te  
v a lu e s  a n d  also  a s  m u ltip les  o f BMR.
M ethods o f c o n d u c tin g  an  e n e rg y  e x p e n d i tu re  s tu d y  in  w hich  m eas­
u re m e n ts  o f e n e rg y  co s t a n d  an  a c tiv ity  r e c o rd  a re  a p p ro p r ia te  fo r  th e  
p u rp o s e  o f th e  s tu d y  h av e  a l te re d  l i ttle  s in ce  th e  s tu d y  o f m iners  b y  
G a r ry ,  e t a l. , (1 955 ). T he K-M re sp iro m e te r  h a s  b e e n  u p d a te d  as th e  
MISER an d  th e  D ouglas b a g  h a s  re -e m e rg e d  fo r  u se  in  fie ld  s tu d ie s .  
T he im p o rta n c e  o f c a re  an d  c a lib ra tio n  o f th e  in s tru m e n ts ,  s e n s i t iv i ty  to  
th e  s u b je c ts  who h av e  to  w ear th e  a p p a ra tu s  an d  a p p re c ia tio n  of so u rc e s  
o f e r r o r  a n d  b ia s  rem ains u n c h a n g e d .
T he d iv is io n  o f e n e rg y  e x p e n d itu re  in to  se v e ra l com p artm en ts  h a s  
becom e a u s e fu l  c o n v e n tio n . T h ese  co m p artm e n ts , nam ely  r e s t in g  
m etabolic r a te  (R M R ), th e rm ic  e ffec t o f food (T E F) o r  d ie ta ry  in d u c e d  
th e rm o g e n e s is  (D IT ) , th e rm ic  e ffe c t o f e x e rc is e  (T E E ), an d  a d a p tiv e  
th e rm o g e n e s is  (A T ) h av e  b e e n  d e s c r ib e d  b y  H orton  (1983) in  an  
o v erv iew  o f th e  a sse ssm e n t an d  re g u la tio n  o f e n e rg y  b a lan ce  in  h u m a n s.
3 .8 .2 .2  P h y s ic a l a c t iv i ty ,  f i tn e s s ,  e x e rc ise  an d  h e a l th . I n te r e s t  in  th e  
re la tio n s h ip  b e tw ee n  p h y s ic a l a c t iv i ty ,  f i tn e s s ,  e x e rc is e  an d  h e a lth  h as  
e s c a la te d  r a p id ly  d u r in g  th e  la s t  20 y e a r s  an d  h a s  r e s u l te d  in  some 
co n fu s io n  in  te rm in o lo g y  in  r e p o r ts  of th e se  re la tio n s h ip s  in  th e  sc ie n tif ic  
l i te r a tu r e  a n d  b y  th e  m edia. C a s p e rs e n , Powell an d  C h r is te n so n  (1985) 
a tte m p te d  to  c la r ify  some o f th e  c o n c e p ts  in v o lv ed  b y  p ro p o s in g  d e f in i­
tio n s  o f th e  te rm s  "p h y s ic a l f i tn e s s " ,  " e x e rc ise "  an d  "p h y s ic a l a c t iv i ty " ,  
w hich  a re  o f te n  c o n fu se d  w ith  one a n o th e r  an d  som etim es u se d  
in te rc h a n g e a b ly ,  as a b a s is  fo r com paring  s tu d ie s  o f th e se  c o n c e p ts  to 
h e a l th .  P h y s ica l a c t iv ity  was d e fin ed  b y  them  as an y  b o d ily  m ovem ent 
p ro d u c e d  b y  sk e le ta l m uscles w hich r e s u l t s  in  e n e rg y  e x p e n d i tu re ;  
p h y s ic a l f i tn e s s  was d e fin ed  as a se t of a t t r ib u te s  th a t  peop le  hav e  o r
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ach iev e  th a t  r e la te s  to  th e  ab ility  to  p e rfo rm  p h y s ic a l a c t iv ity ; e x e rc ise  
w as d e f in e d  as  p la n n e d , s t r u c tu r e d  an d  r e p e t i t iv e  bod ily  m ovem ent done 
to  im p ro v e  o r  m ain ta in  one o r  m ore com ponen ts o f p h y s ic a l f i tn e s s .  
E x e rc ise  w as f u r th e r  s u b d iv id e d  in to  s k il l - re la te d  f i tn e s s  an d  
h e a l th - r e la te d  f i tn e s s  an d  th e  la t te r  in to  five  f i tn e s s  com ponents 
in c lu d in g  c a rd io re s p ir a to ry  f i tn e s s  an d  b o d y  com position . Each f itn e s s  
com ponent can  th e n  b e  m easu red  w ith  d e c re a s in g  c o s t ,  p re c is io n  and  
a c c u ra c y  from  m easu rem en ts  in  th e  la b o ra to ry  th ro u g h  epidem iological 
p ro c e d u re s  to  s e lf -a s s e s sm e n t.  Each o f th e se  d e fin itio n s  as p ro p o se d  
does n o t im ply ach ievem en t o f a p re -d e te rm in e d  lev e l an d  allows fo r 
v a r ia tio n  a t le a s t b y  age an d  s e x .
T he m easu rem en t o f p h y s ic a l a c tiv ity  can  b e  s u b -d iv id e d  in  
d if fe re n t  w ay s . T he  d iv is io n s  u s e d  in  th is  th e s is  a re  th e  h is to r ic a l 
d iv is io n s  in to  p h y s ic a l a c t iv ity  d u r in g  sleep  an d  d u r in g  o ccu p a tio n a l an d  
le is u re  tim e an d  in to  th a t  w hich is  o f l ig h t ,  m o dera te  o r  h e a v y  in te n s i ty .  
A lso u s e d  a re  new c a te g o rie s  o f p h y s ic a l a c tiv ity  w hich h av e  g ra d u a lly  
ev o lv ed  an d  w ere sp ec ified  in  th e  FAO/WHO/UNU (1985) r e p o r t  as 
d is c re t io n a ry  a c t iv i t ie s , op tio n a l h o u seh o ld  t a s k s , socia lly  d e s ira b le  
a c tiv it ie s  an d  a c tiv itie s  fo r p h y s ic a l f i tn e s s  an d  th e  prom otion  of h e a l th .
D u rn in  (1985) also drew  a t te n tio n  to  th e  con fu sio n  w hich  e x is ts  
ab o u t " e x e rc ise "  an d  i t s  d if fe r in g  e f fe c ts  on th e  b o d y  in  re la tio n  to  
m u sc u la r  d ev e lo p m en t, on e ffic ien cy  o f th e  c a rd io v a sc u la r  system  an d  on 
to ta l le v e ls  o f e n e rg y  e x p e n d i tu re .  He s t r e s s e d  th a t  " e x e rc ise "  o r 
"p h y s ic a l a c t iv ity "  can n o t be  r e g a rd e d  p h y sio lo g ica lly  o r  n u tr i t io n a lly  in  
"som e v a g u e  unifo rm  fa sh io n " ; th e  e f fe c ts  p ro d u c e d  b y  "e x e rc ise "  on th e  
b o d y  v a r y  w idely  an d  will d ep en d  on th e  p a r t ic u la r  form o f e x e rc is e ,  on 
i t s  in te n s i ty  a n d  i t s  d u r a t io n .
M any m ethods o f o b ta in in g  th e  p h y s ic a l a c t iv ity  p a t te r n  o f in d iv id u ­
a ls  h av e  b e e n  d ev e lo p ed  in c lu d in g  q u e s tio n n a ire s  w hich a re  th e  m ethod
o f  cho ice o f th e  ep id em io lo g is ts .
O ne o f th e  f i r s t  q u e s tio n n a ire s  to  in c o rp o ra te  th e  d e fin itio n  o f 
p h y s ic a l a c t iv ity  an d  e x e rc ise  in  te rm s of ty p e ,  d u ra t io n , in te n s i ty  and  
f re q u e n c y  w as d e s c r ib e d  b y  M ontoye (1971). He u se d  i t  to  a s s e s s  
h a b itu a l p h y s ic a l a c t iv ity  in  th e  T ecum seh H ealth  S tu d y . M o rris , C have
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an d  Adam (1973) u s e d  a d e ta ile d  a c t iv ity  d ia ry  (o f te n  ca lled  th e  B r it is h  
C ivil S e rv a n t q u e s tio n n a ire )  to  re c o rd  le is u re  tim e a c tiv it ie s  on a w eek ­
d a y  a n d  a w eek en d  d a y . T a y lo r , J a c o b s , S c h u c k e r ,  K n u d se n , Leon an d  
D e B a c k e r, (1978) d ev e lo p ed  th e  M innesota L e isu re  Time P h y s ica l A c tiv ity  
Q u e s tio n n a ire . S a llis , H ask e ll, Wood, F o rtm a n n , R o g e rs , B la ir an d  
P a f f e n b a r g e r , (1985) d e s c r ib e d  th e  q u e s tio n n a ire  d ev e lo p ed  b y  them  as 
one w hich  is  cap a b le  o f c h a ra c te r iz in g  th e  p a t te r n  o f a c t iv ity  in  a 
p o p u la tio n , can  p ro v id e  an  es tim ate  o f to ta l  ca lo rie  e x p e n d i tu re  an d  
sp e c ify  th e  ty p e s  o f a c t iv ity  in  d if fe re n t  p e o p le , can  b e  a d m in is te re d  in  
a re a so n a b le  tim e p e r io d ,  h a s  a d e q u a te  re lia b ilitie s  a n d  is  a p p ro p r ia te  fo r 
e v a lu a tin g  c h a n g e s  in  p h y s ic a l a c tiv ity  h a b i ts  in  a p o p u la tio n . I f  i t  can  
be  show n to  fu lfill th e s e  claim s, i t  will in d e e d  be an  in s tru m e n t w ith  
p o te n tia l  to  in c re a s e  know ledge o f p h y s ic a l a c t iv i ty  w hich may th e n  be  
r e la te d  to  th e  in c id en ce  o f ch ro n ic  d is e a s e .
W ash b u rn  an d  M ontoye (1986) rev ie w e d  n in e  o f th e  m ost commonly 
u s e d  p h y s ic a l  a c t iv ity  q u e s tio n n a ire s  u s in g  th e  c r i te r ia  o f v a l id ity ,  
r e l ia b i l i ty ,  p ra c t ic a l i ty  an d  re la tio n sh ip  to  d is e a s e . None o f th e  q u e s ­
t io n n a ire s  s a t is fa c to r i ly  met all th e  c r i t e r ia ,  b u t  some w ere b e t te r  th a n  
o th e r s .  T he m ost s a t is fa c to ry  w ere: fo r in fo rm ation  on th e  o v e ra ll lev e l 
o f a c t iv i ty  d u r in g  o ccu p a tio n , th e  T ecum seh  in s tru m e n t;  fo r  le is u re  
a c t iv i ty ,  th e  B r it is h  C ivil S e rv a n t q u e s tio n n a ire ;  fo r te s t in g  w h e th e r  th e  
p h y s ic a l a c t iv ity  r e p o r te d  ex ce ed s  th e  th re s h o ld  r e q u ir e d  to  in c re a s e  
c a rd io v a s c u la r  f i tn e s s ,  th e  F iv e -C ity  P ro jec t q u e s tio n n a ire  (S a llis , e t a l . , 
1985).
O th e r  m ethods o f d e te rm in in g  p a t te r n s  o f p h y s ic a l a c tiv ity  h av e  
in c lu d e d  u se  o f th e  socially  accep tab le  m on ito ring  in s tru m e n t SAMI 
(B a k e r ,  H um phrey  an d  Wolff, 1967) to  r e c o rd  h e a r t  b e a t s ,  th e  7 -d a y  
a c t iv i ty  d ia ry ,  th e  ad m in is tra tio n  of one m ultip le choice q u e s tio n  an d  th e  
u s e  o f job t i t le  o n ly . L aP o rte , C au ley , K in sey , C o rb e t t ,  R o b e r tso n , 
B la c k -S a n d ie r ,  K u lle r an d  F a lk e l, (1982) gav e  a fa v o u ra b le  ev a lu a tio n  to  
a m otion s e n s o r ,  th e  L a rg e -S ca le  In te g ra te d  A c tiv ity  M onitor (L S I) .
3 . 8. 3 E n e rg y  an d  n u tr ie n t  in ta k e ; c o n ce p ts  an d  m ethods o f m e a su re -  
m en t. T he  ep idem iological ap p ro ac h  to  r e s e a rc h  in  n u tr i t io n ,  p a r t ic u la r ly
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in  re la tio n  to  d e g e n e ra tiv e  d is e a s e , h a s  g e n e ra te d  m uch d isc u ss io n  an d  
re -e v a lu a tio n  o f m e th o d s . M arr, in  1971, co m p re h en s iv e ly  rev ie w e d  
m ethods o f m e asu rin g  food in ta k e  an d  th e i r  p u rp o s e .  A m ore r e c e n t 
rev iew  b y  B lock (1982) re -e m p h a s is e d  th e  n e c e s s ity  o f v a lid a tio n  an d  
s t r e s s e d  th a t  v a lid a tio n  o f an y  m ethod m ust b e  v iew ed  in  th e  c o n te x t of 
w hat in fe re n c e s  a re  to  b e  d raw n  from th e  r e s e a r c h  d o n e . If  on ly  th e  
g ro u p  m eans a re  o f i n t e r e s t ,  th e  ag ree m en t b e tw een  th e  tw o m ethods 
sh o u ld  b e  in  g ro u p  m e a n s , b u t i f  th e  in fe re n c e s  a re  to  be  d ire c te d
to w a rd s  ag ree m en t in  in d iv id u a ls , th e n  v a lid a tio n s  m ust b e  d ire c te d
s im ila rly . Many m ethods m eet th e  f i r s t  t e s t  b u t  fa il th e  s e c o n d . B lock , 
is  one o f m any in v e s t ig a to rs  in  th e  la s t  decad e  who h a s  d e v ise d  a food 
f r e q u e n c y  q u e s tio n n a ire .  She h a s  d ev e lo p ed  an d  te s te d  th e  
q u e s tio n n a ire  sy s te m a tic a lly .
B ingham  (1982) exam ined  th e  im plications o f in d iv id u a l v a r ia tio n  in
n u tr i t io n a l  s tu d ie s .  She co n c lu d ed  th a t  th e  e f fe c t o f d a ily  v a r ia tio n  is
su c h  th a t  s e v e n -d a y  w eigh ing  m ethods can  no lo n g e r  b e  c o n s id e re d  a 
g u a ra n te e d  m ethod fo r  th e  estim ation  o f all item s of d ie t .  She r e p o r te d  
develo p m en t o f th e  co n ce p t e s ta b lish e d  b y  M arr (1971) o f ta k in g  acco u n t 
o f d a ily  v a r ia tio n  in  in d iv id u a l n u tr ie n t  in ta k e s  b y  th e  choice o f th e  
n u m b e r o f d ay s  n e c e s s a ry  to  o b ta in  re p ro d u c ib le  c la ss ific a tio n  in to  
te r t i le s  o f in ta k e  a t a s ta t is t ic a l ly  s ig n if ic a n t le v e l. T h is  c o n c e p t, 
to g e th e r  w ith  c o n s id e ra tio n s  o f w h e th e r  g ro u p  o r  in d iv id u a l r e s u l t s  a re  
r e q u i r e d ,  v a r ia b ili ty  in  th e  su b je c ts  to  be  s tu d ie d , e . g . ,  men o r women, 
an d  th e  lev e l of a c c u ra c y  d e s ire d , h a s  p ro d u c e d  some te n ta t iv e  g u id e ­
l in e s ,  su c h  as th o se  o f B eaton  (1982).
His s u g g e s tio n s  fo r th e  se lec tio n  o f m ethods to  a s s e s s  d ie ta ry  in ta k e  
b a s e d  on th e  p u rp o s e s  of th e  p la n n e d  s tu d y  w ere a d o p ted  fo r th e  WHO 
p ro je c t to  m onitor c a rd io v a sc u la r  d isea se  b y  V an S ta v e re n  an d  B urem a 
(1983) th u s :  fo r a g ro u p  a v e ra g e , a o n e -d a y  in ta k e  from a la rg e  g ro u p
w ith  a d e q u a te  r e p re s e n ta t io n  of d ay s  o f th e  w eek; fo r  th e  p ro p o r tio n  o f 
a p o p u la tio n  "a t r i s k " ,  e i th e r  re p lic a te  o b s e rv a tio n s  o r a d ie t h is to ry ;  
fo r  in d iv id u a l n u tr ie n t  in ta k e  fo r c o rre la tio n  o r r e g re s s io n  a n a ly se s , 
m u lti- re p lic a tio n  o f o b se rv a tio n s  on each  in d iv id u a l.
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F e rro -L u z z i (1983) g av e  some p ra c t ic a l  g u id e lin e s  on how to  d ea l 
e ffe c tiv e ly  w ith  s ta n d a rd iz a t io n  o f m ethods b e tw ee n  la b o ra to r ie s  an d  
c o u n tr ie s  w ith  r e g a r d  to  co llec tion  o f d ie ta ry  in fo rm atio n  an d  ta b le s  o f 
food com p o sitio n , e sp e c ia lly  th e  l a t t e r ,  w hich  sh e  c o n s id e re d  to  be  
p o te n tia l ly  a  so u rc e  o f s e r io u s  e r r o r .
In  a r e p o r t  on th e  d ie t fa c to r  in  ep idem io log ical r e s e a r c h  (E u ro N u t 
1, 1982) B ingham  a n d  a n u m b e r o f o th e r  w o rk e rs  re v ie w e d  p ro g re s s  in  
id e n tify in g  b io log ical m a rk e rs  o f food in ta k e  as in d e p e n d e n t m e asu re s  o f 
v a lid ity  o f d ie ta ry  in ta k e  m e th o d s . Among th o se  w hich  a re  u n d e r  
in v e s t ig a t io n  a re  2 4 -h o u r  u r in e  n i t ro g e n ,  an d  3 m ethy l h is tid in e  
e x c re tio n  fo r  p ro te in  in ta k e  an d  ad ip o se  t i s s u e  b io p sy  fo r h a b itu a l f a t ty  
ac id  com position  o f th e  d ie t .  T he u se  o f u r in a r y  d a ta  co llec ted  d u r in g  a 
d ie ta ry  s u rv e y  p e r io d  a n d , also  w hen d ie t is  n o t b e in g  a s s e s s e d ,  as a 
m eans o f d e te rm in in g  w h e th e r  o r  n o t d ie t r e c o rd s  in te r f e r e  w ith  norm al 
h a b i ts ,  w ould h e lp  to  re so lv e  a lo n g -s ta n d in g  c ritic ism  o f th e  s e v e n -d a y  
w eig h ed  in v e n to ry  m ethod .
T he  m ethod  of c o n d u c tin g  a s e v e n -d a y  w eighed  d ie ta ry  s u rv e y  h a s  
rem a in ed  e s se n tia lly  u n c h a n g e d  sin ce  o u r  s tu d ie s ,  e x c e p t fo r im p ro v e ­
m en ts  in  w eig h in g  an d  re c o rd in g  te c h n iq u e s  su c h  as d ig ita l sca le s  an d  
th e  p o s s ib il i ty  o f ta p e  re c o rd e d  r e c o rd s .  As w ith  e n e rg y  e x p e n d itu re  
s tu d ie s ,  th e  im p o rtan ce  o f c a re  an d  a t te n tio n  to  b o th  s u b je c ts  an d  
in s tru m e n ts  an d  th e  a p p re c ia tio n  o f s o u rc e s  o f e r r o r  a n d  b ia s  is  
u n c h a n g e d .
3 .8 .4  B ody size an d  com position ; c o n c e p ts  an d  m ethods o f m e a su re m e n t. 
M easu rem en ts  o f b o d y  com position h av e  g row n in  im p o rtan ce  in  th e  la s t  
tw e n ty  y e a r s ,  in  p a r t i c u la r ,  th e  a sse ssm e n t o f b o d y  fa t m ass (FM) from  
sk in fo ld  th ic k n e s s .  D u rn in  an d  W omersley (1974) c o n s tru c te d  ta b le s  
b a s e d  on m easu rem en ts  o f 209 men an d  272 women from w hich th e  fa t 
c o n te n t o f th e  b o d y  as a ra tio  o f b o d y  w e ig h t, c o r re s p o n d in g  to  v a r io u s  
v a lu e s  o f th e  sum o f fo u r  sk in  fold th ic k n e s s e s  in  b o th  men an d  w om en, 
d iv id e d  in to  fo u r  3-^6 g ro u p s ,  can  be  fo u n d . T h ese  ta b le s  h av e  b een  
u s e d  e x te n s iv e ly . A d eq u a te  sk in fo ld  th ic k n e s s  m easu rem en t te c h n iq u e s  
can  b e  a c q u ire d  w ith  good , an d  no t n e c e ss a r i ly  lo n g , t r a in in g  (D u rn in ,
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1984). G arrow  (1982) rev ie w e d  m any o f th e  new  m ethods fo r  e s tim a tin g  
b o d y  co m position , a n d  M azess, P e p p ie r  an d  G ibbons (1984) r e p o r te d  
th e i r  w ork  on th e  u se  o f d u a l-p h o to n  a b so rp tio m e try  to  d e te rm in e  
sk e le ta l m ass as well as th e  lean  an d  fa t c o n te n t o f  th e  e n t i r e  b o d y .
D u rn in  (1984) an d  G arrow  (1982) h av e  com m ented on th e  d is tin c tio n  
b e tw ee n  th e  te rm s  " lean  b o d y  m ass" (LBM) an d  " fa t f re e  m ass" (F F M ), 
th e  la t t e r  b e in g  th e  more a c c u ra te  te rm  fo r  w hat rem ain s  w hen " fa t 
m ass" (FM) is  rem oved  from b o d y  w e ig h t. FFM in c lu d e s  th e  
p h y s io lo g ica lly  a c tiv e  p o rtio n  o f  ad ip o se  t i s s u e  b u t ,  e x c e p t in  v e ry  o b ese  
p e o p le , i t  is  n o t v e ry  im p o rtan t to  d is t in g u is h  b e tw een  LBM a n d  FFM 
(G arro w , 1982).
Fram e size  d e r iv e d  from m easu rem en t o f elbow b re a d th  h a s  b een  
in c o rp o ra te d  in to  new s ta n d a rd s  d ev e lo p ed  b y  F risa n c h o  (1984) fo r th e  
a s se s sm e n t o f n u tr i t io n a l s ta tu s  o f a d u lts  an d  e ld e r ly .  The u se  o f th e  
s ta n d a rd s  is  b a s e d  on th e ir  in c lu s io n  o f in d ic a to rs  o f b o d y  fa t t i s s u e  
(sk in fo ld  th ic k n e s s )  an d  lean  b o d y  t is s u e  (bone  f re e  u p p e r  arm  m uscle 
a re a )  sp ec ific  fo r each  s e x , h e ig h t an d  fram e size  c a te g o ry .
B ody s iz e , as d e sc r ib e d  b y  h e ig h t a n d  w e ig h t, is  p a r t ic u la r ly
u se fu l in  d e fin in g  o b e s ity .  A NIH C o n sen su s  D evelopm ent C o n fe ren ce  on
th e  H ealth  Im plications o f O b esity  (1985) recom m ended th a t  th e  h e ig h t/
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w eig h t r a t io ,  B ody Mass In d ex  (BMI; w eigh t in  k g /h e ig h t  in  m ) be 
u s e d  m ore w idely . T h is  ra tio  was p ro p o se d  b y  K ey s , F id an z a , K a rv o n en , 
K im ura a n d  T ay lo r (1972) as an  in d e x  o f re la tiv e  b o d y  w e ig h t, f i r s t ly ,  
to  rem ove th e  d e p e n d e n c y  o f w eigh t on h e ig h t , an d  s e c o n d ly , as th e  
re la t iv e  w eig h t in d e x  show ing th e  h ig h e s t c o rre la tio n  w ith  in d e p e n d e n t 
m e a su re s  o f b o d y  fa tn e s s .  D u rn in  (1983) c a u tio n ed  th a t  in v e s tig a tio n s  
b y  M cKay, e t a l . , (1981) on m ore th a n  5,000 men an d  1,000 women make 
i t  o b v io u s  th a t  no h e ig h t an d  w eigh t in d e x  can  elim inate th e  p o ss ib ili ty  
o f  c o n s id e ra b le  e r r o r  i f  it  is  u s e d  to  es tim ate  f a tn e s s .  M acdonald (1986) 
em p h asised  th is  l a t te r  p o in t from d a ta  co llec ted  on 5,072 m ales ag ed  
16-56 y e a r s  an d  co n cluded  th a t  W/H is  o f li ttle  v a lu e  w hen a s s e s s in g  
o b e s ity  in  in d iv id u a ls . Simopoulos (1985) q u o te d  N organ  an d  F e rro -L u z z i
(1982) in  s ta t in g  th a t  th e  BMI h a s  a re la tiv e ly  h ig h  c o rre la tio n  w ith  b o d y
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fa t (a s  e s tim a ted  from b o d y  d e n s ity )  p a r t ic u la r ly  w hen age  is  ta k e n  in to  
a c c o u n t .
T h e  C o n se n su s  D evelopm ent P anel em p h asised  th a t  BMI show s a 
d ire c t  a n d  co n tin u o u s  re la tio n s h ip  to  m o rb id ity  an d  m o rta lity  in  la rg e  
p o p u la tio n s . Two u s e fu l nom ogram s w hich  re la te  BMI to  th e  M etropo litan  
Life In s u ra n c e  h e ig h t/w e ig h t  ta b le s  o f 1959 an d  1983 w ere  p u b lish e d  b y  
B u r to n  a n d  F o s te r  (1985). T he re g io n a l d is tr ib u tio n  o f b o d y  fa t w as 
c i te d  a s  an  im p o rta n t p re d ic to r  o f some h e a lth  h a z a rd s  o f o b e s ity .  I f  
th e s e  re la t io n s h ip s  becom e e s ta b l is h e d ,  m easu rem en t o f w aist an d  h ip  
c irc u m fe re n c e  m ay jo in  h e ig h t an d  w eig h t as  s ta n d a rd  an th ro p o m e tric  
in d ic e s .  W hite, P e re ira  an d  G a rn e r ,  (1986) fo u n d  th a t  w eigh t 
d is tr ib u t io n  (w a is t:h ip  ra tio )  to  b e  a s t ro n g  in d e p e n d e n t p re d ic to r  o f 
h y p e r te n s io n  in  b o th  men an d  wom en, a lth o u g h  i t s  im p o rtan ce  was 
s e c o n d a ry  to  th a t  o f b o d y  m ass in d e x . T he s tu d y  p o p u la tio n  c o n s is te d  
o f a 10,724 subsam ple  o f men an d  women ag ed  20 to  69 y e a rs  who took  
p a r t  in  th e  C anada  F itn e ss  S u rv e y  (1983).
D efin itio n s  o f o v e rw e ig h t an d  o b e s ity  c o n tin u e  to  b e  d e b a te d  b u t 
th e  p r e s e n t  m edical c o n se n su s  seem s to  b e  in  fa v o u r  o f c o n tin u in g  to  u se  
th e  1959 M etropo litan  Life In s u ra n c e  Com pany h e ig h t-w e ig h t ta b le s  o f 
d e s ira b le  w eigh t in s te a d  o f th e  1983 ed itio n  in  w hich th e  u p p e r  lev e ls  o f 
d e s ira b le  w eigh t w ere s lig h tly  in c re a s e d . B o th  th e  p a n e l a n d  th e  R oyal 
C ollege o f P h y s ic ia n s  (1983) e n d o rse d  th e  co n ce p t o f "d e s ira b le "  o r  
" a c c e p ta b le "  w eigh t fo r h e ig h t.  No m ention  was made o f th in k in g  in  
te rm s  o f "d a n g e ro u s  w eig h ts"  as ad v o ca ted  b y  K napp in  1983. One o f 
th e  recom m endations o f th e  p an e l was th a t  th e re  is  n eed  to  develop  an  
a p p ro p r ia te  d a ta  b ase  re la t in g  b o d y  w eigh t b y  a g e , sex  a n d  p o ss ib ly  
fram e s ize  to  m o rb id ity  an d  m o rta lity , w hich h ad  b een  s u g g e s te d  b y  
G arrow  (1979 ). An a v e ra g e  an d  ra n g e  o f d e s ira b le  w e ig h ts  fo r h e ig h t 
in  a d u l ts  to g e th e r  w ith  th e  c o r re s p o n d in g  a v e ra g e  a n d  r a n g e  o f BMI is  
s u g g e s te d  in  th e  FAO/WHO/UNU (1985) r e p o r t .
3 .8 .5  New em phases in  d e fin in g  and  d e te rm in in g  e n e rg y  r e q u ire m e n ts . 
T he F A O / W H O / U N U  E x p e r t C o n su lta tio n  on E n e rg y  an d  P ro te in  R e q u ire ­
m en ts  w hich  met in  1983 ( F A O / W H O / U N U , 1985) d ec id ed  th a t ,  w h e re v e r
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p o s s ib le ,  e s tim a te s  o f e n e rg y  re q u ire m e n ts  sh o u ld  b e  b a se d  on es tim a te s  
o f e x p e n d i tu r e ,  w h e th e r  a c tu a l o r  d e s ira b le ,  r a th e r  th a n  in ta k e .  I t  a lso  
d ec id ed  t h a t ,  b e c a u se  in  th e  g re a t  m a jo rity  o f  c a se s  th e  la rg e s t  com po­
n e n t o f e n e rg y  e x p e n d itu re  is  th e  BMR, th e re  w ould b e  m any a d v a n ta g e s  
in  c a lc u la tin g  th e  v a r io u s  com ponen ts  o f to ta l  e n e rg y  e x p e n d i tu re  as 
m u ltip les  o f th e  BMR. T he r e s u l t s  o f an  e x te n s iv e  exam ination  o f th e  
l i te r a tu r e  as th e  b a s is  o f o b ta in in g  re lia b le  e s tim a te s  o f th e  BMR o f 
peo p le  o f d if fe re n t  a g e s ,  se x e s  a n d  g e o g ra p h ic a l g ro u p s  w ere  p u b lish e d  
b y  S ch o fie ld , S chofield  an d  Jam es in  1985. T he e n d  p ro d u c t o f th is  
a n a ly s is  o f  some 11,000 te c h n ic a lly  a c c e p ta b le  m easu rem en ts  on in d iv id ­
u a ls  c o n s id e re d  to  b e  h e a lth y  w as th e  com p u ta tio n  o f lin e a r  e q u a tio n s  fo r 
p re d ic t in g  BMR from b o d y  w eigh t a c c o rd in g  to  se x  an d  age fo r u se  w hen 
i t  is  n o t p o ss ib le  to  u se  d ire c t m e a su re m e n ts .
When th e  BMR h a s  b e e n  d e te rm in e d  from th e  e q u a tio n s  o r  from 
ta b u la tio n s  w hich  a re  p ro v id e d  in  th e  r e p o r t ,  th e  to ta l  e n e rg y  e x p e n d i­
tu r e  can  be  e s tim a ted  b y  m u ltip ly in g  th e  BMR b y  a fa c to r  w hich c o v e rs  
th e  e n e rg y  co s t of in c re a s e d  m uscle to n e , p h y s ic a l a c t iv i ty ,  th e  th e rm ic  
e f fe c t o f food a n d , w hen r e le v a n t ,  th e  e n e rg y  re q u ire m e n ts  fo r g ro w th  
an d  la c ta t io n . T he tra d i tio n a l c la ss ific a tio n  o f o ccu p a tio n s  in to  th o se  
w hich in v o lv e  l ig h t ,  m o d era te  an d  h e a v y  p h y s ic a l a c tiv ity  was 
m a in ta in e d , an d  m u ltip les  of th e  BMR ap p licab le  to  each  g ro u p  h av e  b e e n  
c a lc u la te d . T h ese  w ere  b a se d  on th e  p e rc e n ta g e  o f tim e s p e n t in  
o c cu p a tio n a l a c tiv it ie s  an d  th e  e n e rg y  co s t of th e se  a c t iv it ie s .  T he 
g ro s s  e n e rg y  e x p e n d itu re  on o ccu p a tio n a l w ork  a t lig h t m o dera te  an d  
h e a v y  le v e ls  o f a c tiv ity  was e s tim a ted  fo r  y o u n g  women as 1 .7 , 2 .2 ,  an d  
2 .8 ; fo r  y o u n g  men as 1 .7 ,  2 .7  an d  3 .8 .  N o n -o ccu p a tio n a l a c tiv it ie s  
w ere  sy ste m a tic a lly  exam ined  an d  h eav ily  em p h a sise d . T h ese  w ere 
u se fu lly  c la ss if ie d  as d is c re t io n a ry  a c t iv i t ie s ,  o p tio n a l h o u seh o ld  ta s k s ,  
soc ia lly  d e s ira b le  a c tiv it ie s  a n d  a c t iv ity  fo r  p h y s ic a l f i tn e s s  a n d  th e  
p rom otion  o f  h e a lth .  An estim ate  o f to ta l e n e rg y  re q u ire m e n ts  d e r iv e d  
a s  m u ltip les  o f BMR, was m ade b y  ta k in g  acco u n t o f each  com ponent o f 
e n e rg y  e x p e n d itu re  an d  w e ig h tin g  them  a c c o rd in g  to  o b s e rv e d  p a t te r n s  
o f a c t iv ity  d e s c r ib e d  in  th e  l i te r a tu r e .  T he to ta l da ily  e n e rg y  
e x p e n d i tu re  c o r re s p o n d in g  to  l ig h t ,  m o dera te  an d  h e a v y  w ork  was
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e s tim a ted  as ap p ro x im ate ly  1 .5 6 , 1 .64  a n d  1.82 fo r women an d  1 .5 5 , 1 .78 
a n d  2 .10  fo r  m en.
T he  u s e  o f th e  BMR as  d en o m in a to r la rg e ly  c o r re c ts  fo r  i n t e r ­
in d iv id u a l d if fe re n c e s  in  lean  b o d y  m ass an d  p e rm its  c ro ss -c o m p a riso n  o f 
s u b je c ts  w ith o u t re fe re n c e  to  h e ig h t ,  w e ig h t, sex  o r  a g e . T he fra c tio n a l 
p o r tio n  o f th e  v a lu e  r e p r e s e n ts  th e  e n e rg y  co s t o f p h y s ic a l a c tiv ity  b o th  
o b lig a to ry  a n d  d is c re t io n a ry ,  an d  d ie ta ry  an d  th e rm o re g u la to ry  
th e rm o g e n e s is . T he fra c tio n a l p o r tio n  is  d e p e n d e n t on to ta l b o d y  w eigh t 
w hen  th e  e n e rg y  c o s t o f w e ig h t-b e a r in g  e x e rc is e  r e p r e s e n ts  a m ajor p a r t  
o f i t ,  a s  w ith  a th le te s  o r m anual w o rk e rs ,  b u t  in  m ost c a se s  will be 
re la t iv e ly  in d e p e n d e n t o f b o d y  w e ig h t.
As d e fin e d  an d  u s e d  in  th e  FAO/WHO/UNU (1985) r e p o r t ,  e s tim ates  
o f re q u ire m e n ts  re la te  to  th e  m a in ten an ce  o f h e a lth  in  a lre a d y  h e a lth y  
in d iv id u a ls .  H ealth  is  u n d e rs to o d  to  in c lu d e  p a t te r n s  o f a c t iv ity  th a t  a re  
ju d g e d  to  b e  c o n s is te n t w ith  s a t is fa c to ry  p h y sio lo g ica l an d  social fu n c ­
tio n  .
3 .9  C u r r e n t  c o n c e p ts  of re la tio n sh ip s  b e tw ee n  th e  a g in g  p ro c e s s ,  
e n e rg y  e x p e n d i tu r e ,  p h y s ic a l a c t iv i ty ,  food in ta k e  an d  o b e s ity  in  
in d iv id u a ls  ag ed  50 to  75 y e a r s . The y e a rs  1966 -  1986 h av e  seen  a 
g re a t  in c re a s e  in  r e s e a rc h  on th e  re la tio n s h ip s  b e tw een  th e  a g in g  
p ro c e s s ,  h e a lth  an d  life s ty le  fa c to rs  of peop le  o f o v e r  50 y e a rs  of a g e . 
P u b lic a tio n  o f th is  r e s e a rc h  h as  b een  p ro lif ic . In  th e  fie ld  of n u tr i t io n  
alone a te x tb o o k  su c h  as H andbook o f G e ria tr ic  N u tritio n  (H su  an d  
D av is , 1981) rev ie w s a sam ple of ab o u t 1500 re le v a n t p a p e r s  in  360 
c lo se ly  w r itte n  p a g e s .
In c re a s in g  em phasis  d u r in g  th e se  y e a r s  h a s  b een  g iv en  to  th e  
u n iq u e n e s s  o f th e  a g in g  p ro c e s s  in  each  in d iv id u a l b a se d  as i t  is  on a 
m u ltitu d e  o f in te r - r e la te d  v a r ia b le s .  T he  v a r ia b le s  in c lu d e  th o se  o f 
e n e rg y  an d  n u tr ie n t  in ta k e ,  e n e rg y  e x p e n d i tu re ,  p a t te r n s  o f a c t iv ity  an d  
b o d y  s iz e . S tu d ie s  in c lu d in g  th e  on es  r e p o r te d  in  th is  th e s is  h av e  
re p e a te d  th e  f in d in g  th a t  men an d  women of all ag es  can  m ain tain  life 
a n d  a p p a re n t  h e a lth  a t v e ry  d if fe re n t le v e ls  of each  of th e se  in d iv id u a l 
v a r ia b le s .  An im p o rta n t outcom e o f th e  w ider reco g n itio n  o f th is
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v a r ia t io n  h a s  b e e n  th e  a p p ro a c h  ta k e n  to  e n e rg y  re q u ire m e n ts  in  th e  
FAO/W HO/UNU (1985) r e p o r t ,  w hich  re la te s  th e s e  m ore c lo se ly  to  
in d iv id u a ls  th a n  to  p o p u la tio n s  an d  ta k e s  a c c o u n t o f  p h y s io lo g ica l fa c to rs  
in c lu d in g  th e  e f fe c ts  o f c o n tin u a l c h a n g e s  in  r a te s  o f g ro w th , b o d y  
com p o sitio n , p h y s ic a l a c tiv ity  a n d  p a t te r n s  o f food in ta k e .
O ne o f  th e  m ost p e r s is te n t  lin e s  o f r e s e a r c h  in te r e s t  w hich  is  
c lo se ly  a s so c ia te d  w ith  in d iv id u a l d if fe re n c e s  in  th e  a g in g  p ro c e s s  is  th a t  
w hich  s e e k s  to  d isc rim in a te  b e tw ee n  ’’norm al" o r  p h y sio lo g ica l a g in g  an d  
p a th o lo g ic a l a g in g . D u rn in  (1983) d e s c r ib e d  ’’n o rm al” p h y sio lo g ica l 
d e g e n e ra tio n  as a re la tiv e ly  slow p ro c e s s  w hich  will s t i l l  allow a w ay of 
life  w hich  in c lu d e s  ac tiv e  w ork  o r  re c re a tio n  in to  a d v a n c e d  age  in  co n ­
t r a s t  to  th o se  c h a n g e s  b ro u g h t ab o u t b y  th e  d isa b ility  a r is in g  from  
a r th r i t ic  d ise a se  su c h  as lim ited  p h y s ic a l a c t iv i ty  an d  p e rh a p s  o b e s ity .  
E x to n -S m ith  (1982) d e fin e d  a f u r th e r  c a te g o ry , ’’p s e u d o -a g in g ” , in  w hich 
c h a n g e s  in  n u tr i t io n a l  s ta tu s  w hich a re  a g e -a s s o c ia te d  may be in c o r re c tly  
a t t r ib u te d  to  th e  e f fe c ts  o f a g in g  w hen th e y  a re  d u e  to  c h a n g e s  in  
socioeconom ic f a c to r s .  A model (F ig u re  3 .1 )  o f th e  ty p e  o f p ro c e s s  
w hich  may o c c u r  was d ev e lo p ed  b y  Rao (1973).
At th e  o th e r  e n d  of th e  sp ec tru m  of in d iv id u a l d if fe re n c e s  from 
th o se  a r is in g  from  socioeconom ic fa c to rs  lie  th o se  w hich  a re  in c re a s in g ly  
b e in g  fo u n d  a t th e  ce llu la r  le v e l. A rev iew  b y  Hall in  1976 of p ro g re s s  
in  g e ro n to lo g ica l r e s e a rc h  co n c lu d ed  th a t  th e  ra p id ly  em erg in g  ap p lica tio n  
o f c e llu la r  an d  m olecular b io logy  to  a g in g  was o f g re a t  im p o rta n c e . A 
rev iew  lin k in g  th is  v a s t  fie ld  of r e s e a r c h  to  norm al a n d  p a th o lo g ica l 
a g in g  in  th e  in d iv id u a l was made b y  G oldste in  (1984). He sum m arised  
th e  c e llu la r  fa c to rs  know n to  in flu e n c e  a g in g  an d  h e a lth  (F ig u re  3 .2 ) .  
W ithin th is  m odel, food in ta k e ,  n u tr i t io n ,  e x e rc is e  an d  e n e rg y  
e x p e n d i tu re  can  b e  v iew ed  as en v iro n m en ta l fa c to rs  w hich in flu e n c e  th e  
in t r in s ic  p ro c e s s e s  o f a g in g . He also  e n d o rse d  th e  s e a rc h  fo r fa c to rs  
w hich  can  b e  m an ip u la ted  to  ad d  ’’life to  o u r  y e a r s ” .
B iological a g in g  is  a p h y sio lo g ic  p ro c e s s ,  a norm al ep ilogue  o f 
dev elopm en t th a t  o r ig in a te s  w ith in  DNA. A lth o u g h  i t  can  be 
m odu la ted  b y  e x te rn a l  en v iro n m en ta l c u e s ,  a g in g  is  a u n iv e rs a l  
p ro c e s s  co n tin u o u s  w ith g ro w th  an d  developm ent an d  th e  
in d e p e n d e n t v a r ia b le  le ad in g  to  c e llu la r  lo ss  an d  dec line  o f
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fu n c tio n . On th e  o th e r  h a n d ,  a g e - re la te d  d is e a se s  a re  d e p e n ­
d e n t v a r ia b le s  re ly in g  in  p a r t  on  th e  lo ss  o f ce lls  an d  d e c lin ­
in g  fu n c tio n  b u t  in  o th e r  c a se s  e n g e n d e re d  b y  random  g e n e t ic -  
m etabo lic  a l te ra t io n s .  I t is  e v id e n t th a t  p h y s io lo g ic  a g in g  will 
p ro c e e d  a long  an  u n e v e n  f r o n t ,  o c c u r r in g  so o n e r in  some cells  
a n d  la te r  in  o th e rs  w ith in  an d  b e tw een  in d iv id u a ls . A g e- 
d e p e n d e n t d is o rd e r s ,  e sp ec ia lly  m a lignancy  a n d  a th e ro ­
s c le ro s is ,  show ev en  f u r th e r  e x a g g e ra tio n  o f th is  " u n e v e n n e ss"  
an d  h en ce  a re  no t in e v ita b le  c o n se q u e n c e s  o f a g in g . F u tu re  
s tu d ie s  sh o u ld  re v e a l th e  v a r ie d  m echanism s o f b io logic a g in g  
w ith in  each  cell ty p e ,  th e  g en e tic  b a s is  o f d if fe re n c e s  b e tw een  
in d iv id u a ls ,  an d  in  t u r n ,  how e n v iro n m en ta l fa c to rs  in flu en ce  
th e s e  in t r in s ic  p ro c e s s e s .  A bove a ll, s u c h  r e s e a r c h  sh o u ld  
id e n t ify  how ra tio n a l m edical in te rv e n tio n  can  lead  to  a more 
v ig o ro u s  lo n g e v ity  an d  a b e t te r  q u a lity  o f life  in  th e  e ld e r ly .
A sum m ary  o f some c u r r e n t  v iew s o f th e  re la tio n s h ip s  b e tw een  
a g in g ,  b o d y  com position , p h y s ic a l a c tiv ity  a n d  food in ta k e  w as g iv e n  in  
P ro p o sa ls  fo r  N u tritio n a l G u idelines fo r  H ealth  E d u ca tio n  in  B rita in
(1 9 8 3 ). T he p ro p o sa l o f a d ie ta ry  schem e fo r th e  e ld e r ly  d e s c r ib e d  some 
c h a n g e s  w hich  h av e  b een  found  in  th e  a g in g  in d iv id u a l w hich may a ffec t 
e n e rg y  a n d  n u tr ie n t  re q u ire m e n ts .
With a g in g , h e ig h t ,  w eigh t an d  lean  t i s s u e  a re  re d u c e d  an d  
b o d y  fa t c o n te n t may r is e  as a p e rc e n ta g e  o f th e  to ta l .  M uscle 
p ow er d ec lin es  e i th e r  b eca u se  o f a tro p h y  o r m etabolic c h a n g e s .
B asa l m etabolic r a te s  decline  b u t  on ly  b e c a u se  lean  t i s s u e  is  
lo s t .  T he c a u se s  o f th e  dec line  in  lean  t i s s u e  a re  o b s c u re  b u t 
r e d u c e d  p h y s ic a l a c tiv ity  is  a m ajor fe a tu re  o f m iddle an d  la te  
y e a r s  a n d  may be  th e  k e y  fa c to r  le a d in g  to  m u scu la r a t ro p h y .
I f  re d u c e d  p h y s ic a l a c t iv ity  le ad s  to  a fa llin g  e n e rg y  in ta k e , 
u n le s s  more a p p ro p r ia te  d ie ts  a re  ch o sen  th e re  will au to m at­
ica lly  b e  a h ig h e r  r is k  o f b o rd e r lin e  n u tr i t io n a l d e fic ie n c ie s .
T he  an sw er to  th e se  d e fic ien c ies  m ay, th e re fo re ,  d e p e n d  on 
g r e a te r  p h y s ic a l a c tiv ity  le ad in g  to  a g r e a te r  lean  b o d y  m ass 
a n d  an  in c re a s e d  to ta l food in ta k e . O ne o f th e  p r in c ip a l 
o b je c tiv e s  o f n u tr i t io n  ed u ca tio n  in  th e  e ld e r ly  may th e re fo re  
b e  th e  m ain tenance  o f p h y s ic a l a c t iv i ty .  T he d ie ta ry  schem e 
a d v o c a te d  in  th is  docum ent sh o u ld  th e n  be  as a p p ro p r ia te  fo r 
th e  e ld e r ly  as fo r th e  y o u n g e r  age g ro u p s .
T he sc ie n tif ic  b a s is  fo r th e se  ch an g e s  an d  re la tio n s h ip s  in  th e  age 
ra n g e  o f ap p ro x im ate ly  60 -  75 y e a rs  was exam ined b y  D u rn in  (1983) in  
a rev iew  o f n u tr i t io n  in  g e r ia tr ic  m edicine an d  g e ro n to lo g y . In  a 
d is c u s s io n  o f th e  e f fe c ts  of b o d y  m ass an d  b o d y  com position on e n e rg y  
e x p e n d itu re  he n o te d  th a t  c ro s s -se c tio n a l d a ta  s u p p o r t  th e  p ro b a b ility
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th a t  fa t  m ass in c re a s e s  w ith  a g in g  in  b o th  men a n d  wom en, an d  th a t  
th e r e  is  a fa ll in  f a t - f r e e  m ass , w hich  is  p ro b a b ly  a fa ll in  m uscle m ass. 
T h e re  is  a lso  e v id en ce  th a t  th e  d e n s ity  o f sk e le to n  seem s to  d e c re a se , 
a n d  th a t  th e r e  is  a d e c re a se  in  size  o f T y p e  II m uscle f ib re s  w hich  le ad s  
to  a  d im in ish ed  s t r e n g th  o f c o n tra c tio n , an d  th a t  th e re  may be  c h a n g e s  
in  m echan ical e ff ic ien cy  o f th e  lim bs.
He rev ie w e d  some o f th e  l i te r a tu r e  on e x e rc is e  c a p a c ity  an d  age an d  
c o n c lu d e d  th a t  an  im provem ent in  th e  a b ility  to  e x e rc is e  can  c e r ta in ly  be  
accom plished  in  th e  e ld e r ly .  S idney  an d  S h e p h a rd  (1977) r e p o r te d  th e  
r e s u l t s  o f  a t r a in in g  p ro g ram  fo r o ld e r  a d u l ts  b a s e d  on th e  p rem ise  th a t  
all fu n c tio n a l c h a n g e s  a re  n o t due  to  a g in g , b u t  some a re  d u e  to  d isease  
an d  m isu se . In tro d u c tio n  o f a o n e -h o u r  p h y s ic a l a c t iv ity  c la ss  fo u r 
tim es p e r  w eek in c re a s e d  th e  a v e ra g e  d a ily  e n e rg y  e x p e n d itu re  b y  150 -  
200 k ilo ca lo rie s  in  th e  wom en. T he a d d e d  a c t iv ity  o v e r  a 12-m onth  
p e r io d  w as su ff ic ie n t to  augm en t ae ro b ic  pow er ( th r e e  m on ths of e n d u r ­
an ce  tr a in in g  in c re a s e d  i t  b y  as m uch as 30 p e r c e n t ) , to  in d u c e  f a v o u r ­
ab le  c h a n g e s  in  b o d y  com position , an d  to  in i tia te  c h a n g e s  in  o th e r  a re a s  
o f l i fe s ty le  in c lu d in g  a d im in ished  u se  o f th e  c a r .
In  exam in ing  th e  im p o rtan ce  to  h e a lth  o f a c t iv i ty ,  th e  a u th o rs  
q u o te d  Hammond (1964), who found  d e a th  r a te s  to  show a g ra d a tio n  w ith  
a c t iv i ty ,  p a r t ic u la r ly  in  th o se  o f o v e r  65 y e a r s  o f a g e . Belloc an d  
B reslow  (1972) a n d  Palm ore (1970), show ed th a t  good h e a lth  h a b i ts ,  
in c lu d in g  r e g u la r  p h y s ic a l a c t iv i ty ,  c o n fe r re d  a h e a lth  s ta tu s  e q u iv a le n t 
to  p eo p le  30 y e a rs  y o u n g e r .  H ow ever, th e y  c a u tio n ed  th a t  p o o r h e a lth  
m ay h a v e  in f lu e n c e d  th e  dec ision  n o t to  ta k e  e x e rc is e  in  a t le a s t a 
p ro p o r tio n  o f th e  in a c tiv e . T hey  co n c lu d ed  th a t  a c a te g o ric a l an sw er to  
th e  q u e s tio n  o f h e a lth  b e n e f its  m ust aw ait la rg e r  lo n g itu d in a l s tu d ie s  in  
w hich  f i tn e s s  an d  a c tiv ity  leve ls  a re  c o r re la te d  w ith  o b je c tiv e  m easu re s  
o f h e a lth  e x p e r ie n c e .
S u ch  a s tu d y  was r e p o r te d  b y  M o rris , E v e r i t t ,  P o lla rd  an d  C have 
(1 9 8 0 ), who co n c lu d ed  from th e  r e s u l t s  o f an  8 ^ -y e a r  lo n g itu d in a l 
fo llow -up  o f 17,944 m id d le -ag ed  male B r it is h  civ il s e rv a n ts  th a t  v ig o ro u s  
e x e rc is e  is  a n a tu ra l  d e fen ce  o f th e  b o d y  w ith  a p ro te c tiv e  e ffe c t on th e  
ag in g  h e a r t  a g a in s t ischaem ia an d  i t s  c o n se q u e n c e s . T h ey  found  th a t
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th e r e  w as a w eak asso c ia tio n  b e tw ee n  h ig h  to ta l  p h y s ic a l a c tiv ity  on th e  
F r id a y  a n d  S a tu rd a y  on w hich  th e  men com pleted  a 5 m inu te  b y  5 m inu te 
r e t ro s p e c t iv e  r e c o rd  o f how th e y  h a d  s p e n t th e i r  tim e a n d  s u b se q u e n t 
in c id e n c e  o f c o ro n a ry  h e a r t  d ise a se  (C H D ). T h e re  w as a  m uch s t ro n g e r  
a sso c ia tio n  b e tw een  in c id en ce  o f CHD a n d  th e  r e p o r t  o f v ig o ro u s  e x e rc ise  
(VE) in  le is u re  tim e in  th a t  th e  men who re p o r te d  in itia lly  th a t  th e y  
e n g a g e d  in  VE h ad  an  in c id en ce  o f CHD in  th e  n e x t y e a rs  of 
"som ew hat le ss  th a n  half" th a t  of th e i r  co lleagues  who re c o rd e d  no VE. 
T he  a c tiv it ie s  c la ss ifie d  as v ig o ro u s  w ere d e fin e d  as th o se  lik e ly  to  re a c h  
p e a k s  o f e n e rg y  e x p e n d itu re  o f 7 .5  k ca l/m in . A lth o u g h  th e  a u th o rs  
p o in te d  o u t th a t  a t th a t  time no s ig n if ic a n t re la tio n sh ip  h a d  b een  fo u n d  
w ith  o th e r  c a u se s  of d e a th , th e y  em p h asised  th a t  CHD is  th e  le ad in g  
c o n t r ib u to r  to  to ta l m orta lity  in  m iddle age  an d  as su c h  s h o r te n s  life  
s p a n .
T he re la tio n sh ip  be tw een  am ount o f p h y s ic a l a c t iv ity  an d  le n g th  o f 
life  was q u a n tif ie d  b y  P a f fe n b a rg e r , H yde, Wing a n d  H sieh (1986). In  a 
s tu d y  o f 16,936 H a rv a rd  alum ni ag ed  35 -  77 th e y  found  th a t  e x e rc ise  
r e p o r te d  as w alk ing , s ta ir  clim bing an d  s p o r ts  p la y  re la te d  in v e rs e ly  to  
to ta l  m o rta li ty , p rim arily  to d ea th  due to  c a rd io v a sc u la r  o r  r e s p ir a to r y  
d is e a s e . T he p h y s ic a l a c tiv ity  in d e x  b y  w hich th e  re la tio n sh ip s  w ere 
q u a n tif ie d  was b a se d  on es tim ates  o f e n e rg y  e x p e n d e d  d e r iv e d  from 
P assm ore  an d  D u rn in  (1955). Alumni ag ed  60 -  84 who re p o r te d  th e  
h ig h e s t  a c tiv ity  leve l (3500 k ca l/w eek  s p e n t on e x e rc is e )  h ad  h a lf  th e  
r e la t iv e  r i s k  o f d e a th  of th o se  a t th e  low en d  (<500 k c a l/w e e k ) . T he 
am ount o f  a d d itio n a l life a t tr ib u ta b le  to a d e q u a te  e x e rc ise  as com pared  
w ith  s e d e n ta r in e s s  was from one to  more th a n  two y e a rs  b y  th e  age of 
80. T h e  a u th o rs  p ro v id e d  re fe re n c e s  from 1843 to  th e  p r e s e n t  to  s u b ­
s ta n t ia te  th e  b e lie f  th a t  a d eq u a te  p h y s ic a l e x e rc ise  is  n e c e s s a ry  to  
p r e s e r v e  life  an d  i t s  d e s ira b le  q u a litie s  in to  old a g e .
P e k k a n e n , M arte , N issenen  and  Tuom ilehto (1987) co n c lu d ed  th a t  
h ig h  p h y s ic a l a c t iv ity  may p re v e n t p re m a tu re  d e a th  am ong m iddle ag ed  
m en , b u t  p ro b a b ly  does not p ro lo n g  maximum ach iev ab le  l i fe s p a n . T h ey  
exam ined  th e  a sso c ia tio n  of p h y s ic a l a c tiv ity  lev e l w ith  th e  r is k  o f d e a th  
in  a c o h o rt o f 636 h e a lth y  F in n ish  men ag ed  45-64 y e a rs  followed up  fo r 
20 y e a r s .
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M any o th e r  w o rk e rs  h av e  c o n tr ib u te d  to  th e  a c c e p ta n c e  o f th e  o ld 1 
a d ag e  ’’Use i t  o r  lose i t ” in  re la tio n  to  p h y s ic a l a c t iv i ty  w hen i t  re g a in e d  
c u r r e n c y  as  th e  "H y p o k in e tic  T h e o ry ” (D eV rie s , 1970, 1975). B o rtz  
(1982) re v ie w e d  th e  bio logic c h a n g e s  commonly a t t r ib u te d  to  a g in g  from 
th e  p e r s p e c t iv e  o f d is u s e . He co n c lu d ed  th a t  " th e re  is  no d ru g  in  
c u r r e n t  o r  p ro s p e c tiv e  u se  th a t  h o ld s  as m uch p rom ise  fo r  su s ta in e d  
h e a lth  a s  a lifetim e p ro g ram  o f p h y s ic a l e x e r c i s e .”
T he am ount o f p h y s ic a l a c t iv ity  u n d e r ta k e n  b y  peo p le  o f 50 y e a rs  
a n d  o v e r ,  in  common w ith  y o u n g e r  p e o p le , is  v e r y  v a r ia b le  an d  may o r 
may n o t dec lin e  in  th e  y e a r s  b e tw een  50 an d  75 d e p e n d in g  on o c c u p a ­
t io n , in t e r e s t s  an d  h e a lth . The FAO/WHO/UNU (1985) r e p o r t  on e n e rg y  
an d  p ro te in  re q u ire m e n ts  n o te d  th a t  th e re  a re  lim ited  d a ta  d e s c r ib in g  th e  
p ro f ile s  o f a c tiv it ie s  fo r d if fe re n t  in d iv id u a ls . Some o f th e  b e s t  d a ta  
av a ilab le  w ere  co llec ted  in  th e  s tu d ie s  r e p o r te d  in  th is  th e s i s ,  an d  th e y  
h av e  b e e n  u s e d  e x te n s iv e ly  in  com parisons o f e n e rg y  e x p e n d itu re  an d  
p h y s ic a l a c t iv ity  p a t te r n s  o f men an d  women in  d if fe re n t o ccu p a tio n a l 
g ro u p s .  E ven  w ith in  o ccu p a tio n a l c a te g o rie s  g re a t  v a r ia tio n  in  p h y s ic a l 
a c t iv i ty  h a s  b een  show n. D u rn in  (1983) u s e d  some o f th e  d a ta  in  th is  
th e s is  to  s u p p o r t  h is  e a r l ie r  co n ten tio n  (D u rn in , 1956) th a t  i f  a man o r 
woman is  s til l  a t w ork  a t age 60, 65 o r 70 he  o r sh e  will o f te n  e x p e n d  as
m uch e n e rg y  d u r in g  w ork as he d id  a t 25 o r  30 y e a r s ,  an d  e sp ec ia lly  in
o c c u p a tio n s  dem and ing  li ttle  p h y s ic a l e f f o r t ,  a g in g  may h av e  li ttle  
in f lu e n c e  u p  to  ab o u t 75 y e a r s .
He e x p re s s e d  cau tio n  in  th e  acc ep tan c e  o f th e  re d u c tio n  o f BMR 
w ith  a g in g  as a b io logical fa c t ,  a lth o u g h  fo r most p o p u la tio n s  an d  fo r
m ost in d iv id u a ls  w ith in  th e se  p o p u la tio n s  he  e s tim a ted  a re d u c tio n  o f
BMR of a b o u t 10 p e rc e n t  be tw een  y o u n g  ad u lth o o d  an d  ab o u t 60 y e a r s ,
S p eak in g  g e n e ra lly , all p a r t s  of th e  b o d y  w hich h av e  a fu n c tio n , i f  
u s e d  in  m od era tio n  an d  e x e rc ise d  in  la b o u rs  to  w hich each  is  
acc u sto m ed , becom e th e re b y  h e a lth y  an d  well d ev e lo p ed  an d  age slow ly; 
b u t  i f  u n u s e d  an d  le f t id le , th e y  becom e liab le  to  d is e a s e , d e fe c tiv e  in  
g ro w th  an d  age  q u ic k ly "  H ip p o cra tes  ( 460 -  360 B .C . ) .
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a n d  a n o th e r  10 p e rc e n t dec line  b y  75 y e a r s .  He p ro p o se d  an  a l te rn a t iv e  
view  in  w hich  th e  BMR will n o t n e c e s s a r i ly  becom e low er i f  e ld e r ly  peop le  
h a v e  av o id ed  th e  m ark ed  c h a n g e s  in  b o d y  com position w ith  re d u c e d  
m uscle m ass an d  in c re a s e d  fa t m ass w hich  u su a lly  o c c u r  as peo p le  becom e 
o ld e r ,  in  w hich  case  th e re  m ight b e  v e ry  l i t t le  dec lin e  in  BMR w ith  age 
in  m any h e a l th y ,  a c tiv e  p eo p le . In c re a s e d  p h y s ic a l a c tiv ity  h a s  b een  
show n to  slow down o r r e v e r s e  th e s e  c h a n g e s  in  a d d itio n  to  im p ro v in g  
c a rd io v a s c u la r  an d  r e s p ir a to r y  fu n c tio n  (D eV ries , 1970).
D u rn in  (1983) com m ented th a t  th e  e n e rg y  e x p e n d itu re  o f  th e  h o u se ­
wife s t a r t s  to  d e c re a se  a t age 45 -  50 an d  fa lls  p ro p o rtio n a lly  m ore th a n  
th a t  o f a man up  to  70 y e a rs  o r so . A s tu d y  b y  D u rn in , e t a l . ,  (1957) 
show ed  th a t  th e  e n e rg y  e x p e n d itu re  o f m id d le -ag e d  women w hose main 
o c c u p a tio n  w as in  th e  home d ec lin ed  in  re la tio n  to  th e  e x p e n d itu re  of 
th e i r  a d u lt  d a u g h te r s .  At th e  tim e o f th e  1957 s tu d ie s  h o u sew iv es  w ere 
th e  g r e a te r  p ro p o r tio n  o f th e  female p o p u la tio n  w h ereas  to d a y  m any 
women r e - e n t e r  th e  w ork fo rce  on a p a r t- t im e  o r  fu ll-tim e  b a s is  be tw een  
th e  a g es  o f 35 an d  45 y e a rs  an d  do no t n e c e s s a r i ly  r e t i r e  a t age  60. It 
is  lik e ly  th a t  th e i r  e n e rg y  n eed s  do no t decline  an d  may e v e n  in c re a s e  to  
m eet th e  dem ands o f two o c c u p a tio n s . U n d e re s tim a te s  o f th e  e n e rg y  
re q u ire m e n ts  o f o ld e r  women may r e s u l t  i f  i t  is  assum ed  th a t  th e re  is  a 
d ec lin e  in  a c t iv ity  in  women ag ed  50 an d  o v e r .
T he  la rg e  p ro p o r tio n  o f peop le in  s e d e n ta ry  w ork  an d  th e  t r e n d  
to w a rd s  a s h o r te r  w ork ing  d ay  h av e  fo cu sed  a t te n tio n  on p h y s ic a l 
a c t iv ity  d u r in g  le isu re  time as th e  e n t i ty  w hich may d isc rim in a te  be tw een  
in d iv id u a ls  in  te rm s o f f i tn e s s .  The ty p e  of p h y s ic a l a c t iv ity  ch o sen  b y  
a n  in d iv id u a l will d e te rm in e  w h e th e r i t  can  be m ain ta ined  th ro u g h  m iddle 
age  to  b e y o n d  re tire m e n t an d  th u s  m ain tain  e n e rg y  e x p e n d itu re  an d  
e n e rg y  in ta k e .  W alking, w hich can  be  done b y  y o u n g  an d  o ld , h a s  th u s  
becom e d e s e rv e d ly  p o p u la r  and  th e  f in d in g s  o f P a f fe n b a rg e r  e t a l . ,
(1986) d e s c r ib e d  in  Section 3 .9 , have  g iv en  f u r th e r  r e c e n t  im p e tu s  to  i t s  
p rom otion  as a h e a l th -e n h a n c in g  a c t iv i ty .
D u rn in  (1983) rev iew ed  some of th e  l i te r a tu r e  on w eigh t in c re a s e  
w ith  a d v a n c in g  y e a rs  and  found  some ev id en ce  th a t  be tw een  40 an d  65-70 
y e a r s  th e  w eigh t of men d e c re a se s  w h ereas  th e  w eigh t o f women
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f r e q u e n t ly  in c re a s e s .  He show ed in  an  a n a ly s is  o f some o f th e  th e s is  
r e s u l t s  th a t  in c re a s in g  f a tn e s s  as o p p o sed  to  in c re a s in g  w eig h t led  to  
le s s  p h y s ic a l  a c t iv ity  (D u rn in , 1967). An in te r e s t in g  s tu d y  from 
G erm any  w hich  h e  q u o te d  show ed th a t  th e  e n e rg y  e x p e n d i tu re  o f e ld e r ly  
women in c re a s e d  w ith  b o d y  w eigh t up  to  80 k g  w h ereas  th a t  o f e ld e r ly  
m en d ec lin ed  a t w e ig h ts  o v e r  70 k g .  He s u g g e s te d  th a t  th is  was y e t 
a n o th e r  s ig n  o f th e  q u ite  d if fe re n t  m ean ing  o f m o d era te  o b e s ity  in  men 
w h ere  i t  is  ab no rm al an d  in  women w h ere  i t  is  b io log ica lly  no rm al.
R e la tio n sh ip s  b e tw ee n  a g in g  an d  o b e s ity  a re  on ly  one a sp e c t o f 
r e s e a r c h  in  th e  enorm ous field  o f o b e s ity  re s e a rc h  w hich  was 
co m p re h e n s iv e ly  rev ie w e d  b y  G arrow  (1978). T he focus on th e  
in d iv id u a l w hich  h a s  em erged  in  th e  fie ld  o f a g in g  w as e v id e n t in  h is  
a s s e s sm e n t th a t  p ro g re s s  in  th e  tre a tm e n t o f o b e s ity  w ould lie m ostly  in  
an  in c re a s in g  re a lis a tio n  th a t  s in ce  th e  c a u se s  o f o b e s ity  a re  so d iv e rs e ,  
th e re  c a n  b e  no p a n a c e a . He recom m ended th a t  an  in d iv id u a l ap p ro a c h  
sh o u ld  b e  b a s e d  on  b o th  m etabolic an d  co g n itiv e  f a c to r s .
A sum m ary  o f ev id en ce  th a t  o b e s ity  h as  a d v e rs e  e f fe c ts  on h e a lth  in  
th e  m id d le -ag e d  an d  e ld e r ly  p e rs o n  w as m ade b y  th e  N ational I n s t i tu te s  
o f H ealth  C o n se n su s  D evelopm ent P anel on th e  H ealth  Im plications o f 
O b e s ity  (1 9 8 5 ). A t o r  above a BMI o f 27.8 in  males an d  27.3 in  fem ales, 
th e  p re v a le n c e  o f h y p e r te n s io n  was fo u n d  to b e  tw ice as h ig h  fo r th e  
o b ese  g ro u p  as i t  is  fo r th e  n o n -o v e rw e ig h t g ro u p  ag ed  45 th ro u g h  74 
y e a r s  o ld . T h e re  was a sim ilar p re v a le n c e  fo r h y p e rc h o le s te ra e m ia . A 
n e g a tiv e  a sso c ia tio n  b e tw een  o b e s ity  an d  lo n g e v ity  an d  a p o s itiv e  
a sso c ia tio n  b e tw ee n  o b e s ity  an d  c a n c e r  o f c e r ta in  s ite s  w ere also  fo u n d . 
O th e r  a s p e c ts  o f th e  C o n sen su s  P anel R e p o rt a re  d is c u s se d  in  Section  
3 .8 .4 .
T hom pson , J a rv ie ,  L ahey an d  C u re to n  (1982) re p o r te d  on a v e ry  
welcome ch a n g e  in  em phasis  in  th e  p re v e n tio n  an d  tre a tm e n t o f o b e s ity  in  
a s u b s ta n t ia l  rev iew  e n tit le d  ’’E x erc ise  an d  O b e s ity : e tio lo g y , p h y s io lo g y
a n d  in te rv e n t io n ” . T h ey  n o te d  th a t  d ie ta ry  m an ipu la tions h av e  
c h a ra c te r iz e d  p a s t  in te rv e n tio n  s tr a te g ie s  an d  th a t  p h y s ic a l a c tiv ity  was 
exam ined  in  on ly  6 p e rc e n t  o f all w eigh t co n tro l s tu d ie s  r e p o r te d  up  
u n t i l  1979. In  a so c ie ty  w hich is  o b se s se d  b y  w eigh t an d  in  w h ich , u n ti l
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r e c e n t ly ,  r e d u c tio n  o f e n e rg y  in ta k e  a p p e a re d  to  b e  an d  was 
recom m ended  as th e  b e s t  w ay to  com bat o b e s i ty ,  low e n e rg y  in ta k e  h as  
becom e a w ay o f life .
S e v e ra l w o rk e rs  h av e  re -e m p h a s is e d  th e  fa c t th a t  low ered  e n e rg y  
in ta k e  r e s u l t s  in  re d u c tio n s  in  b a sa l m etabolic r a te  (G arro w , 1978; 
D u rn in ,  1984) an d  th u s  c o u n te ra c ts  th e  e f fe c ts  o f d ie tin g . R ecom m enda­
tio n s  fo r  a re d u c e d  e n e rg y  in ta k e  h av e  b een  m ade to  m id d le -ag ed  an d  
e ld e r ly  in d iv id u a ls  on th e  b a s is  o f an  assu m ed  d ro p  in  p h y s ic a l a c tiv ity  
w ith o u t th e  in c lu s io n  o f en co u rag em en t to  m ain ta in  o r  in c re a s e  p h y s ic a l 
a c t iv i ty .  T he r e s u l t  h as  b een  th e  p ro life ra tio n  o f fad  d ie ts  an d  low 
e n e rg y  d ie ts  s e r io u s ly  la ck in g  in  n u t r ie n ts .
S o u th g a te  a n d  D u rn in  (1970), G arrow  (1978), an d  Jam es (1983) 
h av e  eac h  n o te d  th a t  i t  is  th e  accum ula tion  of sm all daily  d if fe re n c e s  in  
e n e rg y  in ta k e  an d  e x p e n d itu re  w h e th e r  due  to  a c t iv ity  o r  to  m etabolic 
p ro c e s s e s  in v o lv ed  in  d ig e s tio n  o r u tiliz a tio n  of n u tr ie n ts  w hich lead  to  
o b e s ity .  I t follows th a t  ach ievem en t an d  m a in tenance  o f w eigh t a t a 
’’h e a lth y "  o r  ’’d e s ira b le ” lev e l is  also d e p e n d e n t in  th e  long  r u n  on on ly  
a sm all in c re a s e  in  p h y s ic a l a c tiv ity  o r a sm all d e c re a se  in  e n e rg y  in ta k e  
o f p e rh a p s  100 -  200 k c a l /d a y .
T he p ro c e s s  o f g row ing  f a t ,  like  th e  p ro c e s s  o f g row ing  o ld , 
i l lu s t r a te s  th e  im p o rtan ce  o f in d iv id u a l d if fe re n c e s . Com fort in  1969 
s u g g e s te d  th a t  th e  co n cep t o f b io logical r a th e r  th a n  ch ron o lo g ica l age 
w ould b e  u s e fu l in  r e s e a r c h .  T h e re  h a s  b een  a g row ing  aw aren ess  b o th  
b e fo re  a n d  s in ce  th e n  th a t  m any o ld e r peop le  a re  fu n c tio n a lly  y o u n g  an d  
th e y  h a v e  b e e n  v a r io u s ly  d e sc r ib e d  as th e  " y o u n g -o ld ” , " th e  f r is k y  
e ld e r ly " ,  " th e  fo r tu n a te  e lite"  an d  th e  " g e ro n to c ra ts " . T h e re  a re  as y e t 
v e r y  few d a ta  show ing t r e n d s  in  in d iv id u a ls  in  th e  p h y sio lo g ica l c h a n g e s  
b y  w hich  b io log ical age is  d e sc r ib e d  su ch  as r a te s  of dec line  in  v a r io u s  
o rg a n  sy s te m s  (M cG andy, 1982).
3 .10  S tu d ie s  o f e n e rg y  e x p e n d itu re  an d  p a t te r n s  o f p h y s ic a l a c t iv i ty .
T h e  p u rp o s e  o f th is  sec tion  is  to  id e n tify  th e  few s tu d ie s  o f th e  
e n e rg y  e x p e n d itu re  o f people in  th e  50 an d  o v e r  age g ro u p  w hich hav e  
b e e n  m ade u s in g  m ethods sim ilar to  o r id e n tica l to  th o se  o f th e  th e s is
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s tu d ie s ,  a n d  to  in d ic a te  th a t  th e re  h a s  b e e n  a g ro w th  in  r e p o r ts  o f 
s tu d ie s  o f  e n e rg y  e x p e n d itu re  b a s e d  on th e  p h y s ic a l a c t iv ity  
q u e s t io n n a ire s  w hich  w ere rev ie w e d  in  3 .8 .2 .2 .
A s e a rc h  o f th e  l i te r a tu r e  re v e a ls  few s tu d ie s  o f th e  e n e rg y  
e x p e n d i tu re  o f th e  o v e r-5 0  age  g ro u p  u s in g  sim ilar m ethods s in ce  th e  
com pletion  o f th e  th e s is  s tu d ie s .  S a lv o sa , P ayne  a n d  W heeler (1971) 
u s e d  th e  SAMI h e a r t - r a te  in te g ra to r  to  a s s e s s  th e  e n e rg y  e x p e n d itu re  o f 
52 women a n d  s ix  m en, of whom on ly  se v e n  w ere u n d e r  75 y e a rs  o f a g e . 
T h e  D oug las b a g  w as u se d  to  m easu re  o x y g e n  consum ption  o f some 
a c tiv it ie s  in  a sm all n u m b er o f su b je c ts  an d  some es tim a te s  w ere made o f 
e n e rg y  in ta k e .  T h ey  co n c lu d ed  th a t  th e  SAMI w as a p o te n tia lly  u se fu l 
m ethod o f a s s e s s in g  e n e rg y  e x p e n d itu re  an d  th a t  th e i r  su b je c ts  h ad  an 
a d e q u a te  e n e rg y  in ta k e .
T he lo n g -te rm  e n e rg y  in ta k e  an d  e x p e n d itu re  o f s ix  o b ese  women 
ag ed  30 -  58 w ere s tu d ie d  b y  C u r tis  a n d  B ra d fie ld  (1971). T h ey  
e s tim a ted  e n e rg y  e x p e n d itu re  fo r a m onth  u s in g  th e  a c t iv i ty -d ia ry  
re s p iro m e te r  m ethod an d  d ie ta ry  in ta k e  b y  th e  w eighed  in d iv id u a l 
in v e n to ry  m ethod  fo r  two w eek s. T he women w ere  c la ss ifie d  as o b e se . 
T h ey  w ere  b e tw een  126 an d  180 p e rc e n t o f s ta n d a rd  w eigh t fo r h e ig h t 
an d  39 to  50 p e rc e n t o f th e ir  b ody  w eigh t was f a t .  I t  was n o te d  th a t  
e n e rg y  e x p e n d i tu re s  w ere low er th a n  e x p e c te d  fo r b o d y  w e ig h t, th a t  
l i t t le  tim e w as s p e n t in  m odera te  an d  s tr e n u o u s  a c tiv ity  an d  th a t  th e  
v a r ia tio n  in  e n e rg y  in ta k e  was c o n s id e ra b ly  m ore from d ay  to  d ay  th a n  
was th e  case  fo r  e n e rg y  e x p e n d itu re .
Some e s tim a te s  of to ta l daily  e n e rg y  e x p e n d itu re  h av e  b een  m ade in  
th e  la s t  20 y e a r s  u s in g  a c tiv ity  d a ta . In  1967 G rieve made a d e ta ile d  
s tu d y  o f th e  tim es s p e n t  in  v a r io u s  a c tiv itie s  b y  45 housew iv es  ag ed  21 -  
41 w ith  y o u n g  c h ild re n  a t home an d  from  th e s e  e s tim a ted  e n e rg y  e x p e n ­
d i tu re  u s in g  f ig u re s  ta k e n  from th e  s tu d ie s  o f h o u sew iv es  m ade b y  
D u rn in , e t a l . , (1957) an d  from Passm ore an d  D u rn in  (1955). She also  
u s e d  th e  SAMI b u t  co n c lu d ed  th a t  i t  was n o t p o ss ib le  to  make an  
a c c u ra te  e s tim atio n  o f o x y g en  consum ption  from h e a r t  r a te  b e c a u se  th e  
re la tio n sh ip  b e tw ee n  h e a r t  r a te  an d  o x y g en  consum ption  v a r ie d  w ith  
d if fe re n t  ty p e s  o f a c t iv i ty .
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A new a p p ro a c h  to  th e  m easu rem en t o f e n e rg y  e x p e n d itu re  w as se t 
in  m otion in  th e  e a r ly  1960’s b y  in te r e s t  in  th e  epidem iology o f c a rd io ­
v a s c u la r  d ise a se  a n d  i t s  re la tio n sh ip  to  p h y s ic a l a c t iv i ty .  T he q u e s ­
tio n n a ire s  w hich  w ere  dev e lo p ed  to  exam ine th is  re la tio n sh ip  h av e  b e e n  
rev ie w e d  b y  W ashburn  an d  M ontoye (1986) an d  th e  developm ent o f a 
dem and  fo r d e ta ile d  p h y s ic a l a c tiv ity  p a t te r n s  to  b e  q u a n tif ie d  in to  lev e ls  
o f e n e rg y  e x p e n d i tu re  is  c le a r .
In  1971 M ontoye r e p o r te d  th a t  few p h y s ic a l a c tiv ity  form s u s e d  in  
ep idem io log ical r e s e a rc h  a ttem p ted  to  a s s e s s  th e  e n e rg y  re q u ire m e n ts  o f 
b o th  o ccu p a tio n  a n d  le isu re  an d  th a t  none a tte m p te d  to  q u a n tify  th e  
r a t in g s  o f p h y s ic a l a c t iv i ty .  For th e  T ecum seh  Com m unity H ealth  S tu d y  
h e  d ev e lo p ed  a sy stem  of m etabolic co s t of o ccu p a tio n a l an d  le isu re  ta s k s  
e x p re s s e d  as  a ra tio  o f w ork m etabolism  to  b a sa l m etabolism . T h ese  
c o s ts  w ere  m u ltip lied  b y  th e  tim e sp e n t in  each  a c tiv ity  d e r iv e d  from a 
q u e s tio n n a ire  c o n s is tin g  of 36 o ccu p a tio n a l an d  63 le isu re  tim e a c t iv it ie s .  
T he  p ro d u c ts  w ere summed an d  d iv id ed  to a r r iv e  a t a w eig h ted  a v e ra g e  
d a ily  w ork  to  b a sa l m etabolic r a t io .  Work to  b a sa l ra tio s  d u r in g  sleep  of
1 a n d  d u r in g  q u ie t a c tiv it ie s  of 1.8 w ere assu m ed . T he a v e ra g e  e n e rg y
e x p e n d i tu re  ca lc u la te d  in  th is  way was u se d  fo r a nu m b er o f s tu d ie s .
S id n ey  an d  S h e p h a rd  (1977) also u se d  d e ta ile d  a c tiv ity  d ia rie s
to g e th e r  w ith  s ta n d a rd  v a lu es  fo r th e  e n e rg y  co s t o f v a r io u s  ta s k s  ta k e n  
from th e  ta b le s  of Passm ore an d  D u rn in  (1967) an d  from p re v io u s  s tu d ie s  
b y  th e  a u th o rs  to  ca lcu la te  mean daily  e n e rg y  e x p e n d i tu re .  T h e ir  
s u b je c ts  w ere  13 men an d  21 women who v o lu n te e re d  fo r e n d u ra n c e  
t r a in in g  as p a r t  o f th e ir  p re p a ra t io n  fo r re tire m e n t. T h ey  w ere ag ed  
b e tw een  60 an d  70 y e a r s .  T h e ir  a c tiv ity  p a t te r n s  w ere exam ined b y  
d ia ry ,  ECG ta p e  r e c o rd e r  an d  th e  SAMI e lec tro -ch em ica l in te g r a to r s .  
B o th  a c t iv ity  m easu rem en ts  an d  in itia l a sse ssm e n ts  o f  f i tn e s s  in d ic a te d  an  
in a c tiv e  l i fe s ty le  on e n t ry  to  th e  s tu d y .  T he m ethod was u se d  to
d e m o n s tra te  th a t  p a r tic ip a tio n  b y  th e  s u b je c ts  in  a 1 -h o u r  p h y s ic a l 
a c t iv ity  c la ss  fo u r tim es p e r  w eek in c re a se d  th e  a v e ra g e  da ily  e n e rg y  
e x p e n d i tu re  b y  150 — 200 k ilo ca lo rie s . T he ad d ed  e x e rc ise  also  im proved  
ae ro b ic  po w er an d  b o d y  com position o v e r th e  y e a r  o f o b se rv a tio n .
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A n in te rv ie w e r-a d m in is te re d  q u e s tio n n a ire  w hich  h a s  b e e n  u s e d  to  
e v a lu a te  e n e rg y  e x p e n d itu re  in  le is u re  tim e w as d ev e lo p ed  b y  T a y lo r , e t 
a l . , (1 9 7 8 ). T he ra tio  d e s c r ib e d  b y  M ontoye (1971) was u se d  to g e th e r
w ith  th e  d u ra tio n  o f e x e rc is e  in  m inu tes  fo r  a  y e a r  (D ) to  fo rm ulate  an
A c tiv ity  M etabolic In d ex  (AMI) su ch  th a t  AMI = w ork  m etabolic ra te /B M R  
x  D . D eta iled  in fo rm atio n  on th e  tim e s p e n t on a c tiv it ie s  o f l ig h t ,  
m o d e ra te  a n d  h e a v y  in te n s it ie s  d e fin e d  b y  le v e ls  o f AMI was o b ta in e d . 
T he  m ethod  was v a lid a te d  b y  a s tu d y  o f 175 men ra n g in g  from  36 to  59 
y e a r s  an d  th e  p e rc e n ta g e  o f e n e rg y  e x p e n d e d  in  le is u re  tim e a c tiv ity  a t 
each  lev e l o f  AMI in te n s i ty  c a lc u la te d . T he a u th o rs  co n c lu d ed  th a t  th e  
M inneso ta  L e isu re  Time A c tiv itie s  (LTA ) Q u e s tio n n a ire  a sse ssm e n t o f AMI 
sc o re  is  c lo se ly  a sso c ia te d  w ith  to ta l k ilo ca lo ries  e x p e n d e d  on LTA. 
T h ey  recom m ended th a t  o ccu p a tio n a l p h y s ic a l a c t iv ity  an d  e n e rg y  
e x p e n d i tu re  be  q u a n tif ie d  b y  m eans o f th e  T ecum seh  q u e s tio n n a ire .
L aP o rte  an d  se v e n  o th e r  w o rk e rs  (1982) u s e d  th e  P a f fe n b a rg e r
S u rv e y  fo r P h y sica l A c tiv ity  to  s tu d y  72 w h ite  p o s t-m e n o p a u sa l women 
a g e d  45 to  74 y e a r s .  T h ey  com m ented th a t  l i t t le  is  know n ab o u t p h y s ic a l 
a c t iv i ty  in  o ld e r  women. P h y s ica l a c t iv ity  w as c o n v e r te d  in to  k ilo ca lo ries  
o f e n e rg y  e x p e n d itu re  p e r  w eek an d  was com pared  to  m easu rem en ts  made 
u s in g  a m otion s e n s o r ,  th e  L arg e -S c a le  I n te g ra te d  A c tiv ity  M onitor 
(L S I) . T he LSI r e s u l t s  an d  th o se  o f th e  P a f fe n b a rg e r  s u rv e y  w ere
re la te d  w eakly  b u t  s ig n if ic a n tly , r  0 .3 3 . T he r e s u l t s  in d ic a te d  th a t  
in d iv id u a ls  who w ere m ost ac tiv e  d u r in g  th e  d ay  w ere also m ost a c tiv e  
d u r in g  th e  e v e n in g . T h is  was also fo u n d  in  th e i r  s tu d y  o f 42 m idd le- 
a g e d  m en em ployed m ainly as la b o re rs  in  s te e l m ills, in  ad d itio n  to  th e  
f in d in g  th a t  w ork  a c tiv ity  re p re s e n te d  a v e ry  h ig h  p ro p o r tio n  o f th e
to ta l d a ily  a c t iv i ty .
S a ll is , e t a l . ,  (1985) re p o r te d  th e  u se  o f q u e s tio n n a ire s  in  th r e e  
s e p a ra te  a s se s sm e n ts  o f th e  p h y s ic a l a c tiv ity  p a t te r n s  o f 1120 women an d  
1006 m en b e tw een  th e  ag es  of 20 and  74. T h ey  d is tin g u is h e d  b e tw een  
"m o d era te  a c t iv i t ie s " , d e fin ed  as r e q u ir in g  an  e n e rg y  e x p e n d itu re  in  th e  
r a n g e  o f 3 -  5 m etabolic e q u iv a le n ts  (M ETs) an d  v ig o ro u s  a c tiv itie s
r e q u ir in g  an  e x p e n d itu re  a t o r above 6 METs w here  1 MET is  th e  e n e rg y  
e x p e n d e d  w hile s i t t in g  a t r e s t .  T o tal e n e rg y  e x p e n d itu re  o v e r  a s e v e n -
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d a y  p e r io d  was e s tim a ted  b y  a re c a ll o f p h y s ic a l a c t iv ity  an d  q u a n tif ie d  
u s in g  MET v a lu e s .  Some o f th e i r  f in d in g s  on th e  re la tio n sh ip s  b e tw een  
p h y s ic a l  a c t iv i ty  m e a su re s , a g e , o c c u p a tio n , e n e rg y  e x p e n d itu re  an d  
b o d y  m ass in d e x  will b e  com pared  to  th e  th e s is  f in d in g s  in  th e  D iscu s­
s io n  s e c tio n .
P h y s ic a l a c t iv ity  d a ta  w ere also q u a n tif ie d  b y  P a f fe n b a rg e r ,  e t a l . ,  
(1986) to  com pute a p h y s ic a l a c tiv ity  in d e x  e x p re s s e d  in  k iloca lo ries  p e r  
w eek . T h is  sca le  was re la te d  to  a ll-c a u se  m o rta lity  an d  lo n g e v ity  o f 
co llege  a lum ni. No a ttem p t was made to  d e r iv e  to ta l e n e rg y  e x p e n d i tu re .
K o rn itz e r  (1984) lis te d  an d  rev iew ed  m any o f th e  s tu d ie s  in  E u rope  
a n d  th e  U n ited  S ta te s  in  w hich e n e rg y  e x p e n d itu re  in  th e  form o f 
p h y s ic a l a c t iv ity  h a s  b een  an d  is  b e in g  s tu d ie d . His p a p e r  c o n s id e re d  
in  d e ta il  th e  p rob lem s fac in g  th e  ep idem io log ist who a tte m p ts  to  s tu d y  
e n e rg y  e x p e n d i tu re  in  th e  form of p h y s ic a l a c t iv ity .
3 .11  S tu d ie s  o f e n e rg y  an d  n u tr ie n t  in ta k e . T he aim of th e  s e a rc h  o f 
th e  l i te r a tu r e  fo r  th is  sec tio n  was to  id e n tify  s tu d ie s  w hich w ere 
com parab le  to  th e  th e s is  s tu d ie s  an d  w hich hav e  p ro v id e d  some m ore 
r e c e n t  in fo rm atio n  on th e  re la tio n sh ip s  be tw een  a g e , s e x , o ccu p a tio n , 
e n e rg y  an d  n u tr ie n t  in ta k e , an d  e n e rg y  and  n u tr ie n t  re q u ire m e n ts . 
Some r e s u l t s  from a se lec ted  g ro u p  of s tu d ie s  of m id d le -ag ed  and  e ld e r ly  
s u b je c ts  h av e  b een  e x tra c te d  an d  a re  sum m arised  in  th e  D iscu ssio n  
se c tio n  in  T ab les  7 .2 0 (a  & b ) an d  7.25 (a & b ) ( e n e rg y  in ta k e )  and  
T ab les  7 .29  an d  7 .31 (p ro te in ,  f a t ,  calcium  an d  iro n  in ta k e ) .  T h ese  
f in d in g s  will be  com pared  and  c o n tra s te d  w ith  th e  th e s is  r e s u l ts  an d  will 
b e  u s e d  in  th e ir  in te rp re ta t io n  in  th e  D iscussion  sec tio n . T he aim s, 
p u rp o s e  an d  th e re fo re  r e s e a rc h  d es ig n  of each  s tu d y  d if fe re d , b u t each  
p ro v id e d  some es tim a tes  o f th e  e n e rg y  and  n u tr ie n t  in ta k e  o f g ro u p s  o f 
s u b je c ts  in  th e  age g ro u p s  o f in te r e s t .  The f in d in g s  of some s tu d ie s  of 
s u b je c ts  y o u n g e r  th a n  50 y e a rs  a re  in c lu d ed  fo r com parison .
T he  c h ie f  aims o f th e  n u tr i tio n a l s tu d y  of th e  e ld e r ly  u s in g  ep idem - 
io log ical m ethods w ere s ta te d  b y  E x to n —Smith in  1982 an d  all o f th e  
s tu d ie s  s e le c te d  fall in to  one o r more of th e  follow ing c a te g o rie s  d e fin e d
b y  him :
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1) to  a s s e s s  th e  n u tr i t io n a l  s ta tu s  o f th e  e ld e r ly  p o p u la tio n  a n d  to  
a s c e r ta in  to  w hat e x te n t  th is  d if f e r s  from th a t  o f o ld e r  a d u l ts ;
2) to  id e n tify  m a ln u tr itio n  a n d  th e  fa c to rs  in v o lv ed  in  i t s  c a u sa tio n ;
3) to  in v e s t ig a te  th e  e f fe c t o f a g in g  on n u tr i t io n a l  s ta tu s  an d  on 
n u tr i t io n a l  re q u ire m e n ts  in  old a g e ;
4) to  fo rm u la te  recom m endations fo r d ie ta ry  allow ances in  old a g e ;
5) to  a s c e r ta in  th e  ra n g e  o f "n o rm al” b iochem ical an d  haem atological 
v a lu e s  in  o ld  age  w ith  p a r t ic u la r  re le v a n c e  to  th o se  re la te d  to  
n u t r i t io n ;
6) to  in v e s t ig a te  th e  e f fe c ts  of n u tr i t io n  on m o rb id ity  an d  m o rta lity  
in  th e  e ld e r ly  an d  in  p a r t ic u la r  to  in v e s t ig a te  th e  ro le  o f 
n u tr i t io n a l  fa c to rs  in  th e  e tio lo g y  o f sp ec ific  d is e a s e s ,  fo r 
exam ple , o s te o p o ro s is  an d  ischem ic h e a r t  d is e a s e ; and
7) to  d e te rm in e  w h e th e r  th e  h e a lth  o f th e  e ld e r ly  can  be  im proved  
b y  d ie ta ry  m odification .
The two la t te r  aims w ere fo u n d  b y  M cG andy (1982) to  be  m ore o ften  
th e  fo cu s  o f n u tr i t io n a l s tu d ie s  o f m id d le -ag e d  a d u l ts .  By c u r r e n t  
d e fin itio n  m any of o u r  su b je c ts  w ere m id d le -ag e d  ( i . e . ,  ag ed  50 -  65
y e a r s )  an d  th e  on ly  f in d in g s  ava ilab le  fo r com parison  a re  from ch ro n ic
d ise a se  epidem iological in v e s t ig a t io n s .
T he r e s e a r c h  d e s ig n s  of th e  se le c te d  g ro u p s  of s tu d ie s  w ere v e ry  
v a r ie d .  Some w ere lo n g itu d in a l s tu d ie s ,  some c ro s s -s e c tio n a l;  in  some 
th e  m ethod  o f sam ple se lec tio n  was ran d o m , in  o th e rs  a co n v en ien ce
sam ple w as c h o se n . T he se lec tio n  w as, th e re fo re ,  made on th e  b a s is  o f 
th e  m ethod  o f m e asu rin g  d ie ta ry  in ta k e  w hich  was in  m ost c a se s  th e  
co llec tion  o f p ro s p e c tiv e  d ie ta ry  re c o rd s  fo r a minimum p e rio d  of th r e e  
d a y s .  T he d ie ta ry  h is to ry  m ethod was a c c e p te d  in  two s tu d ie s  b e c a u se  
i t  w as s a tis fa c to r ily  v a lid a te d . One o f th e se  b y  S te e n , Isaak so n  an d
S v a n b o rg , (1977) r e p o r te d  th a t  a com parison  o f th e  in ta k e  of p ro te in  
from  h is to r ie s  an d  from th e  r e s u l t s  o f an  a n a ly s is  o f n itro g e n  in  2 4 -h o u r 
u r in a r y  sam ples s u p p o r te d  th e  co nclu sion  th a t  th e  h is to ry  g av e  va lid  
r e s u l t s  a n d , in  th e  o th e r ,  L o n e rg a n , M ilne, Maule an d  W illiamson, (1975) 
v a lid a te d  th e  h is to ry  m ethod a g a in s t 2 -d a y  w eighed  r e c o rd s .
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D iffe re n c e s  in  m ethodology m ake th e  in te rp r e ta t io n  an d  com parison  
o f s tu d ie s  d if f ic u lt .  L o n g itu d in a l s tu d ie s ,  o f w hich th e re  a re  few , a re  
lik e ly  to  p ro v id e  th e  b e s t  m eans o f d e te c tin g  th e  e f fe c ts  of t r u e  age 
c h a n g e s  in  n u tr i t io n a l s ta tu s  (E x to n -S m ith , 1982). C onclusions from 
th r e e  o f  th e s e  lo n g itu d in a l s tu d ie s , w hich  a re  re le v a n t to  th e  th e s is  
s tu d ie s ,  a re  d e sc r ib e d  h e re .
A s tu d y  of 60 women ag ed  o v e r  70 who liv e d  alone w as made b y  
E x to n -S m ith  an d  S tan to n  in  1965. S ix teen  o f th e se  women w ere followed 
u p  s ix  a n d  a  h a lf  y e a rs  la te r .  From th e ir  f i r s t  s u rv e y  th e y  found  th a t  
w ith  s u b je c ts  o f in c re a s in g  age th e re  was a d e c re a se  in  th e  q u a n t i ty  o f 
food e a te n .  In  th e i r  seco n d  s tu d y  S tan to n  an d  E x to n -S m ith  (1970) 
d e m o n s tra te d  th a t  w hat h ad  p re v io u s ly  a p p e a re d  to  b e  an  a g e - re la te d  
d im inu tion  in  th e  q u a n ti ty  o f th e  d ie t was in  fac t an  age d if f e re n c e , 
d e fin e d  as a d if fe re n c e  b e tw een  in d iv id u a ls  o f d if fe re n t  ag es  re la te d  to  
fa c to rs  o th e r  th a n  age  i t s e lf .  T he d ie ta ry  in ta k e  ch an g e d  l i t t le  w ith  age 
in  th o se  who rem ained  in  good h e a l th ,  b u t  th e re  was a m arked  d ro p  in  
in ta k e  am ong th o se  w hose h e a lth  h ad  d ec lin e d .
T w elve y e a rs  la te r ,  in  1982, E x to n -S m ith  rev iew ed  th e  m ethodo­
log ical p rob lem s o f lo n g itu d in a l s tu d ie s .  He co n c lu d ed  th a t  (a )  th e y  
r e p r e s e n t  th e  b e s t  m eans of d e te c tin g  th e  e f fe c ts  o f t r u e  age ch an g e  in  
n u tr i t io n a l  s ta tu s ;  an d  (b ) a lth o u g h  th e re  is  an  o v e ra ll dow nw ard  t r e n d  
in  th e  in ta k e  of e n e rg y  and  n u tr ie n ts  w ith  ad v a n c in g  a g e , th e  r a te  o f 
c h a n g e  w ith  age may no t be uniform  th ro u g h o u t th e  ag e  sp a n . He 
q u o te d  s tu d ie s  b y  D e b ry , B ley er an d  M artin , (1977) w hich h av e  show n 
th a t  farm  w o rk e rs  in  th e  L o rra in e  re g io n  in  F ran ce  who m ain tain  th e ir  
a c tiv e  w ay o f life to  an  ad v an ced  age also m ain ta in  th e i r  n u tr ie n t  in ta k e . 
In  c o n -  t r a s t  w ere  r e s u l ts  from u rb a n  r e s id e n ts  r e p o r te d  b y  E lah i, 
E lah i, A n d re s ,  T o b in , B u tle r  an d  N o rr is ,  (1983) from a lo n g itu d in a l 
s tu d y  o f th e  n u tr i t io n a l in ta k e  o f men from 1961 to  1975. T he su b je c ts  
w ere  th e  180 male p a r t ic ip a n ts  in  th e  B altim ore L o n g itu d in a l S tu d y  o f 
A g ing  who w ere ag ed  35 -  74 y e a rs  a t th e  tim e o f th e  f i r s t  o f th r e e  
s e v e n -d a y  d ie ta ry  d ia r ie s . T he a u th o rs  re p o r te d  th a t  a g in g  h ad  a 
n e g a tiv e  e f fe c t on in ta k e  o f e n e rg y ,  f a t ,  s a tu r a te d  f a t ty  ac id s  and  
c h o le s te ro l.  T he lo n g itu d in a l d e c re a se  in  in ta k e  o f e n e rg y  is  no t re a d ily
60
a p p a re n t  from  th e  m eans (T ab le  7 .2 0 b ) in  th is  g ro u p  o f s e d e n ta ry  
a f f lu e n t m en.
A lo n g itu d in a l s tu d y  o f women (G a rc ia , B attese  an d  B re w s te r ,  1975) 
in  w hich  s e v e n -d a y  w eighed  food in ta k e s  w ere  o b ta in e d  a t le a s t  tw ice 
b e tw een  1948 an d  1969 fo u n d  n o n -s ig n if ic a n t d e c re a se s  in  th e  in ta k e  o f 
e n e rg y  an d  c a rb o h y d ra te  w ith  age an d  s ig n if ic a n t d e c re a se s  in  fa t an d  
s a tu r a te d  f a t ty  a c id s . S te in k am p , Cohen an d  W alsh, (1965) o b ta in ed  
lo n g itu d in a l d a ta  a f te r  fo u r te e n  y e a rs  on th e  e n e rg y  an d  n u t r ie n t  in ta k e  
o f  men an d  women o rig in a lly  s tu d ie d  c ro s s -s e c tio n a lly  b y  Gillam an d  
M organ (1 9 5 5 ). I t a p p e a re d  from th e se  d a ta  th a t  th e re  was a d if fe re n c e  
in  th e  r a te  o f d ec lin e  o f e n e rg y  in ta k e  b e tw een  men a n d  women. T he 
in ta k e  o f th e  men s tu d ie d  d e c re a se d  on re tire m e n t a t 65 y e a r s  an d  
rem a in ed  fa ir ly  s ta b le  u n ti l  ab o u t 80 y e a r s  w hen i t  d ec lin ed  s te e p ly . In  
th o se  m en who re a c h e d  th e  age of 90, " th e  s u rv iv a l  o f th e  f i t te s t"  e ffe c t 
w as show n b y  th e  a p p a re n t  in c re a se  in  e n e rg y  in ta k e  o f th is  o ld -o ld  
g ro u p  co m p ared  to  th o se  in  th e  e ig h th  d ecad e  (T ab le  7 .1 9 , 7 .2 0 a ) ,  
7 .2 0 b ) .  T he  e n e rg y  in ta k e  o f th e  women rem ained  fa ir ly  s ta b le  be tw een  
th e  a g es  o f 55 an d  75 an d  th e n  a p p e a re d  to  dec lin e  g ra d u a lly .
In  G rea t B r ita in  a n u m b er of c ro s s -se c tio n a l epidem iological s tu d ie s  
h a v e  b e e n  m ade w hich a re  u se fu l fo r com parison  w ith  th e  o ld e r  g ro u p s  of 
th e s is  s u b je c ts .  M acLeod, Ju d g e  an d  C a ird , (1974) s tu d ie d  peop le  
b e tw ee n  65 an d  74 an d  o v e r  75 in  N o rth  Glasgow an d  fo u n d  a s lig h t 
dec line  in  e n e rg y  in ta k e  a f te r  75 y e a rs  o f b e tw een  5 an d  7 p e r c e n t .  
L o n e rg a n  e t a l . , (1975) in  E d in b u rg h , in c lu d e d  su b je c ts  below re tire m e n t 
ag e  in  th e  y o u n g e r  age ra n g e  of th e ir  s tu d y  of men an d  women ag ed  62 
-  74 a n d  75 a n d  o v e r .  T h is  may h av e  c o n tr ib u te d  to th e  g r e a te r  
d e c re a se  (12 p e r c e n t)  in  e n e rg y  in ta k e  w hich th e y  found  be tw een  th e  
tw o age g ro u p s  fo r m en. The re d u c tio n  fo r women was 7 p e r c e n t .  In  an  
e x te n s iv e  s tu d y  o f 879 men an d  women in  E n g lan d  an d  S co tland  (D H SS, 
1972) a g e d  b e tw een  65 -  74 an d  o v e r 75 th e  e n e rg y  in ta k e  o f men an d  
women d e c re a se d  b y  9 p e rc e n t  be tw een  th e  d e c a d e s . A fo llow -up of th e  
same g ro u p s  (D H SS, 1979) show ed th e  dec line  in  e n e rg y  in ta k e  a f te r  five  
y e a r s  as ap p ro x im ate ly  5 p e rc e n t fo r b o th  men an d  women in  th e  o ld e r
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a n d  y o u n g e r  g ro u p s ,  i . e . ,  le ss  th a n  80 y e a r s  an d  e q u a l to  o r  m ore th a n  
80 y e a r s .
B in g h am , McNeil a n d  C um m ings, (1981) s tu d ie d  a random  sam ple o f 
th e  p o p u la tio n  o f a C a m b rid g esh ire  v il la g e . T h e ir  a n a ly s is  u s e d  th e  age 
r a n g e s  20 -  39, 40 -  59 and  60 -  79. T h e re  was no d iffe re n c e  in  e n e rg y  
in ta k e  b e tw ee n  th e  two d eca d es  in c lu d e d  in  each  o f th e  two g ro u p s  o f 
o ld e r  men n o r  b e tw een  men in  m anual an d  n o n -m an u a l o c c u p a tio n s . T he 
in c lu s io n  o f men ag ed  le ss  th a n  65 y e a r s  w ith  th o se  o v e r  65 m ay h av e  
o b s c u re d  a p o s t- r e t i r e m e n t  dec line  in  in ta k e .  S im ilarly  th e  in c lu s io n  of 
women o f 79 y e a rs  an d  o v e r w ith  th o se  o f b e tw een  60 an d  70 y e a rs  may 
h a v e  o b s c u re d  d if fe re n c e s  in  th e  r a te  o f d ec lin e  in  in ta k e  d u r in g  th e  20 
y e a r  ag e  s p a n .  T he d if fe re n c e  b e tw een  th e  e n e rg y  in ta k e  o f th e  40 -  59 
ag e  g ro u p  com pared  to  th e  60 -  79 age g ro u p  was 23 p e rc e n t .
A S w edish  s tu d y  i l lu s tr a te d  some o f th e  co n flic tin g  ev id en ce  re la te d  
to  a g in g  a n d  e n e rg y  in ta k e .  A com parison  of r e p r e s e n ta t iv e  random  
sam ples o f m id d le -ag e d  women ag ed  38 -  60 who p a r t ic ip a te d  in  th e  
p o p u la tio n  s tu d y  "Women in  G o th e n b u rg  1968 -  1969" (L e n n e r ,
B e n g ts s o n , C a r lg re n , Is a a k so n , L u n d g re n , P e te rso n  an d  T a b b lin , 1977) 
an d  7 0 -y e a r-o ld  women from th e  same a re a  show ed th a t  th e  e n e rg y  in ta k e  
an d  b o d y  com position  was o f th e  same o rd e r  o f m ag n itu d e  as f a r  as i t  
w as p o ss ib le  to  ju d g e  from c ro s s -se c tio n a l s tu d ie s  (S te e n , e t a l . ,  1977). 
T h e  a u th o rs  s u g g e s te d  th a t ,  in  view o f p re v io u s  ev id en ce  o f re d u c tio n  o f 
b o d y  cell m ass w ith  a g e , th e  s im ilarity  in  b o d y  cell m ass ca lcu la ted  from 
m e asu re m en ts  o f to ta l b o d y  p o tassium  m ight be  th e  r e s u l t  o f se lec tiv e  
m o rta lity  b e tw ee n  th e se  a g e s . T he e n e rg y  in ta k e  f ig u re s  in d ic a te d  no 
c h a n g e  in  p h y s ic a l a c tiv ity  be tw een  m iddle age an d  70 y e a r s .  In  
a d d itio n , th e  v a r ia tio n s  in  in ta k e  o f e n e rg y  an d  n u tr ie n ts  d id  n o t d if fe r
b e tw ee n  th e  g ro u p s .
T he  r e s u l t s  o f th e  com parison  made be tw een  th e  f in d in g s  o f th e s e  
tw o s tu d ie s  a re  n o te w o rth y  b eca u se  c ro s s -se c tio n a l s tu d ie s  in  c o n tra s t  to  
lo n g itu d in a l s tu d ie s  u su a lly  d em o n stra te  a re d u c tio n  in  in ta k e  of e n e rg y
w ith  in c re a s in g  ag e .
T he f in d in g s  o f a c ro s s -se c tio n a l s tu d y  b y  M cG andy, B a rro w s , 
S p a n ia s , M ered ith , S tone an d  N o rr is , (1966) o f men en ro lled  in  th e
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B altim ore L o n g itu d in a l S tu d y  o f A g ing  show ed a 6 p e rc e n t  dec line  in  
e n e rg y  in ta k e  b e tw een  men in  th e  age ra n g e  45 -  54 an d  55 -  64 b u t no 
d if fe re n c e s  b e tw een  th o se  ag ed  55 -  64 an d  65 -  74. A f te r  75 in ta k e  
d ro p p e d  b y  9 p e r c e n t .
A s tu d y  b y  G a r ry , G oodw in, H u n t, H ooper a n d  L e o n a rd , (1982)
was d e s ig n e d  to  com pare a d ie ta ry  p ro file  o f a h e a lth y  e ld e r ly  p o p u la tio n  
w ith  c u r r e n t  Recom m ended D ie ta ry  A llow ances. When th e  re la tio n sh ip
b e tw ee n  ag e  an d  e n e rg y  in ta k e  was exam ined  i t  was fo u n d  th a t  a 
s ig n if ic a n t n e g a tiv e  c o rre la tio n  e x is te d  fo r  men b u t n o t fo r  women. 
F u r th e r  a n a ly s is  b a se d  on age g ro u p s  below 76 an d  76 and  o v e r  re v e a le d  
a s ig n if ic a n t d if fe re n c e  in  in ta k e  fo r  b o th  s e x e s .
D ie ta ry  s tu d ie s  have  also b een  made of small g ro u p s  o f e ld e r ly  an d
o ld  s u b je c ts  to  com pare w ith  in d ice s  o f n u tr i t io n a l s ta tu s .  One exam ple 
w as th a t  o f Y ea ric k , Wang an d  P is ia s , (1980). In  th e i r  s tu d y  an d  one 
m ade b y  G ro tkow sk i an d  Sims (1978), su b je c ts  w ere se le c te d  from a 
th i r ty - y e a r  age s p a n . I t is  d iff icu lt to  com pare th e  f in d in g s  of s tu d ie s  
w ith  su c h  a ra n g e  to  th o se  w ith  a more r e s t r ic te d  age sp a n .
T he fa ir ly  new an d  g row ing  in flu en ce  of b eh av io ra l sc ien ce  on th e  
s tu d y  o f n u tr i t io n  an d  th e  ap p lica tio n  of n u tr i t io n a l  p r in c ip le s  is  
exem plified  b y  th e  w ork of G ro tkow ski an d  Sims w hich re la te d  th e  
n u tr i t io n a l  in ta k e  of e ld e r ly  people to  th e ir  know ledge of an d  a t t i tu d e  to 
n u t r i t io n .
C om parison  of s tu d ie s  of th e  e ld e r ly  an d  m id d le -ag ed  made in  th e  
U n ited  Kingdom an d  th e  U nited  S ta te s  a p p e a r  to  show th a t  e n e rg y  
in ta k e s  in  th e  U nited  S ta te s  a re  c o n s is te n tly  low er. T h ere  may be m any 
v a r ia b le s  w hich in te r a c t  to p ro d u c e  th is  f in d in g  in c lu d in g  th e  g r e a te r  
s e d e n ta r in e s s  of th e  U .S . p o p u la tio n .
W orkers in  th e  U nited  S ta te s  h av e  becom e co n ce rn ed  in  re c e n t y e a rs  
a b o u t th e  a p p a re n t d e c re a se  in  e n e rg y  in ta k e  in  b o th  m ales an d  fem ales 
a g e d  19 to  54 y e a rs  show n in  th e  r e s u l ts  of th e  1977-1978 N ationw ide 
Food C onsum ption  S u rv ey  (N FCS) and  th e  H ealth  an d  N u tritio n  
E xam ination  S u rv e y  (HANES) II d a ta  (1976-1980) as com pared  to  th e  1965 
NFCS d a ta .  T h ese  d e c re a se s  a p p e a r  to  hav e  o c c u rre d  in  sp ite  o f an 
in c re a s e  in  w eigh t of males of 6 p o u n d s  and  in c re a se  in  fem ales o f 3
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p o u n d s  accom panied  b y  h e ig h t in c re a s e s  of I  -  1 in c h  in  males an d  o f \  
-  3 /4  in c h  in  fem ales. T he d a ta  w hich in d ic a te d  th a t  a d e c re a se  in  
in ta k e  h a d  ta k e n  p lace  was co llec ted  b y  2 4 -h o u r d ie ta ry  re c a ll (M ertz 
an d  K e ls a y , 1984). A s tu d y  b y  th e se  a u th o rs  an d  o th e rs  (Kim, K elsay , 
J u d d ,  M arsh a ll, M ertz an d  P r a th e r ,  1984) was d e s ig n e d  to  sh e d  some 
lig h t on  th e  f in d in g s  an d  on th e  ro le  p la y e d  b y  th e  m ethod u s e d  in  
p ro d u c in g  th e m . D ata co llec ted  from 16 women an d  13 men ag ed  20 -  53 
y e a r s  who re c o rd e d  th e ir  d ie ta ry  in ta k e  fo r one y e a r  in d ic a te d  th a t  d ie ts  
f re e ly  consum ed  an d  capab le  o f m a in ta in ing  w eigh t w ere ab o u t 300 kcal 
m ore th a n  th o se  re p o r te d  b y  th e  NFCS. The e n e rg y  in ta k e  o f men was 
2756 k c a l /d a y  an d  o f women 1848 k c a l /d a y  (2434 kca l fo r  6 men be tw een  
35 a n d  53 y e a r  an d  1803 k c a l/d a y  fo r 8 women be tw een  35 a n d  53 
y e a r s ) .  T h ese  in ta k e s  a re  com pared  in  th e  D iscu sso n  Section  to  th e  
th e s is  r e s u l t s ,  w hich  w ere also o b ta in ed  from small g ro u p s  o f s u b je c ts .  
T h e se  f in d in g s  w ere c o n s id e re d  b y  th e  a u th o rs  to  b e  more r e p re s e n ta t iv e  
o f th e  h a b itu a l in ta k e  of th e  su b je c ts  th a n  r e s u l t s  w hich w ould hav e  
b e e n  o b ta in e d  from  a s h o r t- te rm  s tu d y .
Many o f th e  s tu d ie s  of e n e rg y  in ta k e  also co llec ted  d a ta  on n u tr ie n t  
in ta k e .  D ie ta ry  in ta k e s  of p ro te in  an d  f a t ,  th e ir  p e rc e n ta g e  c o n tr ib u tio n  
to  to ta l  e n e rg y  in ta k e  and  in ta k e s  of calcium  an d  iro n  h av e  b een  sum ­
m arised  in  T ab les 7 .2 8 -7 .3 1 , an d  will be d is c u s se d  in  Section  7 in  
re la tio n  to  th e  aims an d  f in d in g s  of th e  th e s is  s tu d ie s .
A t th e  tim e o f o u r  s tu d ie s  no t on ly  was th e re  li ttle  know n ab o u t th e  
e n e rg y  n e e d s  o f o ld e r p eo p le , b u t th e re  was p ra c tic a lly  no in fo rm ation  
av a ilab le  on w h e th e r  m a ln u tritio n  was p r e s e n t  in  th e  p o p u la tio n  a g ed  65 
a n d  o v e r .  T he r e s e a rc h  rev iew ed  in  th is  sec tio n  h as  d ire c tly  and  
in d ire c t ly  a d d re s s e d  th is  q u e s tio n . In  1983 D u rn in  m ade a b ro a d ly  
b a s e d  a s se s sm e n t o f th e  k ey  s tu d ie s  o f n u tr i t io n  in  th e  e ld e r ly  in  th e  
U n ited  K ingdom , th e  U nited  S ta te s  an d  E u ro p e  w hich h av e  b een  made 
s in c e  ap p ro x im ate ly  1960. He co n cluded  th a t  a lth o u g h  m a ln u tritio n  
a p p e a re d  n o t to  be a problem  of wide im portance  i t  h ad  b een  show n in  
s e v e ra l  s tu d ie s  th a t  th e  d ie ts  o f th e  e ld e r ly  w ere lik e ly  to  b e  d e fic ien t in  
ca lc iu m , p o ta s s iu m , v itam in C an d  some o f th e  v itam in  B g r o u p .
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C o n sid e rab le  an d  long  o v e rd u e  re c o g n itio n  is  now b e in g  g iv e n  to  
th e  snow ball e f fe c t o f in c re a s e d  p h y s ic a l a c t iv i ty ,  e sp ec ia lly  in  o ld e r  
a d u l ts ,  le a d in g  to  in c re a s e d  e n e rg y  e x p e n d itu re  an d  u ltim a te ly  r e s u l t in g  
in  in c re a s e d  e n e rg y  in ta k e  w ith  a c o r re s p o n d in g  im provem ent in  th e  
n u tr i t io n a l  v a lu e  o f th e  d ie t (O h lso n , e t a l . , 1950, D u rn in , 1983, 1985).
3 .12 S ta n d a rd s  an d  recom m endations fo r d ie ta ry  re q u ire m e n ts . The 
recom m ended d ie ta ry  allow ances o r  RDAs ( th e  U .S . te rm ) o r  th e  
Recom m ended D aily In ta k e s  o r  RD Is o f E n e rg y  an d  N u tr ie n ts  ( th e  U .K . 
te rm ) " a re  n e i th e r  p e r fe c t  n o r com plete ; a t b e s t ,  th e y  a re  an  in te ll ig e n t 
d ig e s t o f ava ilab le  know ledge o f hum an n u tr ie n t  re q u ire m e n ts  on w hich 
th e  recom m endations a re  b a se d "  (M ertz , 1980).
In  P a r t  1 o f th is  h is to r ic a l rev iew  (4 .6 )  some o f  th e se  s ta n d a rd s  fo r  
e n e rg y ,  p ro te in ,  calcium  an d  iro n  h av e  b e e n  d is c u s s e d  an d  b r ie f  
r e fe re n c e  made to  c u r r e n t  u n d e r s ta n d in g  o f hum an re q u ire m e n ts . 
In te rn a tio n a lly  re c o g n ise d  s ta n d a rd s  fo r e n e rg y  an d  p ro te in  re q u ire m e n ts  
a t th is  time a re  th o se  p ro d u c e d  in  r e p o r ts  b y  FAQ/WHO (1983) an d  b y  
FAO/WHO/UNU (1985). New em phases in  d e fin in g  an d  d e te rm in in g  
e n e rg y  re q u ire m e n ts  in  th e  la t te r  r e p o r t  h av e  b e e n  d isc u sse d  in  4 .8 .5 .  
T he r e s u l t s  of th e  th e s is  s tu d ie s  will b e  c o n s id e re d  in  re la tio n  to th e se  
em phases  in  S ection  7.
T he conclusion  of th e  r e p o r t  on p ro te in  re q u ire m e n ts , w hich can  be 
ta k e n  as  th e  c u r r e n t  c o n s e n s u s , was th a t  th e re  was no ju s tif ic a tio n  fo r 
m ak ing  a d is tin c tio n  be tw een  a d u lt men an d  women w hen recom m ending  a 
sa fe  in ta k e  o f p ro te in .  T he sa fe  in ta k e  of good q u a lity , h ig h ly  d ig e s ­
tib le  p ro te in  was s e t a t 0 .75 g /k g /d a y  fo r  b o th  s e x e s .  T he same level 
w as s e t fo r o ld e r a d u lts  an d  th e  e ld e r ly .  A lthough  i t  was th o u g h t like ly  
th a t  fo r  o ld e r  peop le  th is  lev e l m ight in  g e n e ra l be  h ig h e r  in  re la tio n  to 
lean  b o d y  m ass th a n  fo r y o u n g e r  p e o p le , th e  com m ittee r e g a rd e d  i t  as an  
a c c e p te d  fa c t th a t  p ro te in  u tiliz a tio n  is  le ss  e ff ic ien t in  th e  e ld e r ly .
Many n a tio n a l s ta n d a rd s  fo r recom m ended in ta k e s  e x is t .  T he m ost 
r e c e n t  s ta n d a rd s  fo r th e  U n ited  Kingdom h av e  b een  p ro d u c e d  b y  th e  
Comm ittee on M edical A sp e c ts  o f Food Policy of th e  DHSS (1981) and  
th o se  fo r th e  U n ited  S ta te s  b y  th e  Food an d  N u tritio n  B oard  o f th e
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N ational A cadem y of Sciences (1980), to  w h ich  th e  r e s u l t s  w ill be
co m p ared .
T he U nited  S ta te s  p ra c t ic e  of p re se n tin g  recom m ended d ie ta ry  
in ta k e s  of energy  and n u tr ie n ts  in  s e p a ra te  ta b le s  h as  been  commended 
b y  D avidson  and P assm ore  (1986). T h is  d iv is io n  m akes i t  c le a r  th a t  
th e  en erg y  re q u ire m e n ts  of an in d iv id u a l  a re  unique w h e re a s , in  
g e n e ra l, th e  RDAs fo r  p ro te in ,  v itam in s  and m in e ra ls  m eet th e  
re q u ire m e n ts  of th e  m a jo r ity  of th e  p o p u la tio n .
A co m p reh en siv e  rev ie w  of th e  h i s to r y ,  u ses  and lim its  of use  
and fu tu re  of th e  U .S . RDAs was made in  th re e  p a p e rs  by  H arp er
(1985), Beaton (1985) and Kamin (1985). H arp e r ended  h is  rev ie w  of
th e  o r ig in  of d ie ta r y  s ta n d a rd s  by  l i s t in g  a few to p ic s  r a is e d  by  
L e itc h  (1942) w h ich  a re  of g re a t c u r re n t in t e r e s t .  T hese  in c lu d ed ; 
th e  concep t of re q u ire m e n ts  to  m ain tain  " p e r fe c t h e a lth "  w h ich  w ith  
i t s  a s s o c ia te d  co ncep ts  of "m inim um ", " a d e q u a te " , "op tim al"  and 
" id e a l"  recom m endations is  s t i l l  a t is s u e ;  th e  allow ance to be made 
fo r  in d iv id u a l  v a r i a b i l i ty  w h ich  is  not y e t  e s ta b l is h e d  fo r  a l l  
n u tr ie n ts ;  th e  h o tly  d e b a te d  to p ic  of th e  ro le  of sugar and re f in e d
c e re a ls  in  th e  d ie t ;  th e  most a p p ro p r ia te  le v e l of calcium  in ta k e , a 
m a tte r  w h ich  h a s  caused  much d isc u ss io n  and acrim ony in  th e  n u tr i t io n  
com m unity (s in c e  H a rp e r 's  rev ie w  d if fe re n c e s  of opin ion  on calcium  
re q u ire m e n ts  h av e  c o n tr ib u te d  to a d e la y  in  th e  p u b lic a tio n  of th e  
10 th  e d itio n  of th e  RDAs fo r th e  U .S .) ;  p ro te in  req u ire m en ts  w h ich  
h av e  v a c i l la te d ,  as th e y  d id  in  th e  y e a rs  b e fo re  L e i tc h 's  re v ie w ; and 
th e  a p p ro p r ia te  le v e l of iro n  in ta k e  w h ich  is  s t i l l  su b je c t to  d e b a te . 
H is conclusion  was "The more th in g s  change, th e  more th e y  s ta y  the  
sam e" .
The RDAs and th e  h e a l th  of th e  e ld e r ly  w ere a d d re s s e d  by  
S c h n e id e r , V ining, H adley and F arnham , (1986) in  a re sp o n se  to th e  
N ational R esea rc h  Council con ten tion  th a t  la c k  of consensus on th e
in te ra c tio n s  betw een n u tr i t io n  and aging was one fa c to r  w hich  le d  to 
c a n c e lla tio n  of th e  10 th  RDA r e p o r t .  T h e ir  e x te n s iv e  rev ie w  of 
r e s e a r c h  fin d in g s  and c u r re n t ,  a lth o u g h  not n e c e s s a r i ly  unanim ous, 
o p in ions in c lu d ed  a c r i t ic is m  of th e  p ra c t ic e s  of g iv ing  
recom m endations fo r  g roups la b e lle d  51 and above o r 65 and above and 
ignoring  th e  enorm ous
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d if fe re n c e s  b e tw een  g ro u p s  a t th e  u p p e r  an d  low er e n d  o f  th e  s c a le s . 
T h e y  recom m ended th a t  know n a g e - re la te d  a l te ra t io n s  in  a b so rp tio n  and  
m etabolism  o f n u tr ie n ts  sh o u ld  b e  ta k e n  in to  a c c o u n t, th a t  d ie ta ry  
allow ances fo r o ld e r  p o p u la tio n s  sh o u ld  b e  o r ie n te d  to w ard s  th e  
p re v e n tio n  o f d isease  an d  th a t  RDAs a t all ag es  sh o u ld  ta k e  acc o u n t o f 
p ro v e n  re la tio n sh ip s  b e tw een  life long  n u tr i t io n  an d  a g e -d e p e n d e n t 
d ise a se s  su c h  as th e  ro le s  o f calcium  an d  v itam in  D in  p re v e n t in g  
o s te o p o ro s is  an d  osteom alac ia . T he d e b a ta b le  q u e s tio n  was also  ra is e d  o f 
w h e th e r  RDAs sh o u ld  b e  b a se d  on a g e -d e p e n d e n t c h a n g e s  in  bod y  
com position an d  p h y sio lo g ic  fu n c tio n  o r w h e th e r  optim al b o d y  com position 
an d  lev e ls  o f fu n c tio n  can  b e  d e fin e d  fo r an  age  g ro u p  an d  lev e ls  o f 
n u tr ie n t  in ta k e  recom m ended to  ach iev e  th e s e .  I t  w as also n o te d  th a t  a 
d e c re a se  in  e n e rg y  in ta k e  w ith  a g in g  may p re d is p o s e  e ld e r ly  peop le  to  
d e fic ien c ies  o f sp ec ific  n u tr ie n ts  su c h  as z in c . One s u g g e s tio n  made b y  
th e  a u th o rs  was th a t  th e  RDA of th e  a d u lt m ight be  in d iv id u a lized  fo r  
each  n u tr ie n t  b y  u s in g  co e ffic ien ts  fo r v a r ia b le s  su c h  as a g e , d isea se  
an d  la b o ra to ry  te s t  r e s u l t s ;  a n o th e r  was th a t  in fo rm atio n  on 
n u t r i e n t - n u t r i e n t  an d  d r u g - n u t r ie n t  in te ra c t io n s  sh o u ld  be in c lu d e d  in  
RDA d o cu m en ts . T he im p o rtan ce  o f th e se  l a t te r  fa c to rs  was also 
em p h asised  b y  M unro (1985) in  an  exam ination  of w ays in  w hich to  
im prove d ie ta ry  allow ance r e s e a r c h .  T h is  is  f u r th e r  d is c u s s e d  in  Section  
3 .1 3 .2 .
3 .13 C om position of th e  d ie t .
" . . . f a t t y  m ea ts , whole m ilk , b u t t e r ,  c ream , e g g s , s u g a r  an d  
sw e e ts , h ig h ly  sa lte d  foods an d  alcoholic b e v e r a g e s . . .O f c o u rs e ,  I 
know  th a t  m any peop le  o v e re a t an d  th a t  e x c e ss  consum ption  o f one 
o r  m ore o f th e  above foods p re d is p o s e s  to  th e  developm ent of 
s e r io u s  d is e a s e s , b u t  all o f th e s e  foods a re  good fo r u s  w hen e a te n  
in  m odera tion  an d  in  a p p ro p r ia te  c i rc u m s ta n c e s . . .e a t  well an d  
choose w hat we like  from a wide v a r ie ty  o f fo o d s . T he peop le  of 
th e  U nited  K ingdon  h av e  n e v e r  b e fo re  b e e n  so well fed  o r  so 
h e a l th y . T he p u r i ta n s  who w ish to  a l te r  th e  q u a lity  of foods th a t  
we h av e  en jo y ed  fo r y e a rs  an d  who ad v o ca te  w id esp read  d ie ta ry  
c h a n g e s  r e q u ire  m ore h a rd  sc ie n tif ic  ev id en ce  to  s u p p o r t  th e ir  
c la im s."  (P assm o re , 1986).
"A b ro a d e r  c o n se n su s  b ase  is  n eed ed  to  ju s t i fy  c u r r e n t  e f fo r ts  to 
p lace  th e  A m erican p u b lic  on a v a r ie ty  of m odified th e ra p e u tic  d ie ts  
in  e f fo r ts  to  minimise th e  r is k  of ch ro n ic  d isea se  su ch  as c o ro n a ry
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h e a r t  d is e a s e , c a n c e r  a n d  o s te o p o ro s is . In  my ju d g e m e n t, too m uch 
em p h asis  is  g iv e n  to  d ie t-d is e a s e  r e la t io n s h ip s ;  n o t en o u g h  a t te n tio n  
is  g iv e n  to  th e  ach iev em en t o f g e n e tic  p o te n tia l  th ro u g h  good 
n u tr i t io n ,  e x e rc is e  a n d  p o s itiv e  h e a lth  p r a c t ic e s .  P e rh a p s  sometime 
we will a g re e  th a t  th e  common d en o m in a to r o f d ie t an d  h e a lth  
c o n c e rn s  is  m o d e ra tio n , r e s t r a in t  an d  v a r i e t y . ” (W hite, 1986).
"B o th  th e  sc ien ce  o f n u tr i t io n  an d  p u b lic  h e a lth  recom m endations 
will b e  in  je o p a rd y  from  lo ss o f p u b lic  co n fid en ce  i f  c le a r  lin es  of 
d em arca tio n  a re  n o t d raw n  b e tw ee n  ad v ice  b a s e d  on sc ien tif ic a lly  
e s ta b l is h e d  e v id e n c e , d e d u c tio n s  from  in d ir e c t  e v id en ce  an d  
c o n je c tu re s  b a se d  on a s su m p tio n s , no m a tte r  how log ical th e y  may 
seem ". (H a rp e r ,  1988).
3 .1 3 .1  C o n cep ts  r e la t in g  d ie ta ry  com ponen ts  to  n u tr i t io n ,  h e a l th ,  an d  
d is e a s e . In  th e  y e a r s  s in ce  1966 a n d  p a r t ic u la r ly  d u r in g  th e  la s t  
d e c a d e , th e re  h a s  b e e n  an  u p s u rg e  o f in te r e s t  in  c h a n g in g  th e  
p ro p o r tio n s  o f p ro te in ,  f a t ,  an d  c a rb o h y d ra te ,  w hich  h av e  b e e n  ty p ic a l 
o f N o r th e rn  E u ro p ean  an d  N o rth  A m erican d ie ts  d u r in g  th e  20th  c e n tu r y .  
I t  h a s  b e e n  p ro p o se d  th a t  th e  fa t in ta k e  sh o u ld  be  re d u c e d  an d  th e  
com position  o f th e  fa t in ta k e  sh o u ld  b e  a l te r e d .  I t h a s  also b e e n  
s u g g e s te d  th a t  th e  in ta k e  of d ie ta ry  f ib re  sh o u ld  b e  in c re a s e d .
T h ese  c h a n g e s  in  fa t in ta k e  h av e  b e e n  ad v o ca ted  on epidem iological 
e v id e n c e , w hich is  s til l  d is p u te d  (B in g h am , 1983) th a t  fa t in ta k e ,  
p a r t ic u la r ly  th e  in ta k e  o f s a tu r a te d  fa t  an d  c h o le s te ro l, p la y s  a cau sa l 
ro le  in  c a rd io v a sc u la r  d is e a se . C h an g es  in  f ib re  in ta k e  h av e  b een  
recom m ended  b e c a u se  o f r e p o r te d  a sso c ia tio n s  be tw een  f ib re  in ta k e  an d  
c o ro n a ry  h e a r t  d ise a se  (CHD) (M o rris , e t a l . , 1977) a n d  b e tw een  f ib re  
in ta k e  an d  bow el d is e a s e , ev id en ce  fo r  w hich  was rev iew ed  b y  E astw ood 
a n d  P assm ore (1983). I t h a s  also b e e n  s u g g e s te d  b y  th e  Committee on 
D ie t, N u tr it io n  a n d  C an cer o f th e  N ational A cadem y o f Science (1982) 
th a t  th e r e  is  e v id en ce  th a t  fa t an d  f ib re  in ta k e s  may b e  re la te d  to  
v a r io u s  ty p e s  o f m alignan t d is e a se .
In  B r ita in ,  recom m endations c o n c e rn in g  d ie ta ry  fa t in c lu d e  th o se  o f 
th e  N ational A d v iso ry  Comm ittee on N u tritio n a l E d u ca tio n  (NACNE) w hich 
s u g g e s te d  in  1983 th a t  30 p e rc e n t  o f d ie ta ry  e n e rg y  sh o u ld  be  d e r iv e d  
from fa t a n d  th a t  th e  c o n tr ib u tio n  o f s a tu r a te d  f a t ty  ac id s  to  e n e rg y  
in ta k e  sh o u ld  be  re d u c e d  to  10 p e r c e n t .  T he Committee on M edical
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A sp e c ts  o f Food Policy (COMA) in  1984 s u g g e s te d  a to ta l  in ta k e  o f 35 
p e r c e n t  o f  e n e rg y  in ta k e .
T he  D ie ta ry  Goals fo r th e  U n ited  S ta te s  (1977) p r e p a re d  b y  th e  
S en a te  Com m ittee on N u tritio n  an d  Human N eeds recom m ended an  in ta k e  
o f  30 p e rc e n t  o f d ie ta ry  e n e rg y  from fa t an d  th a t  th is  sh o u ld  c o n s is t o f 
10 p e r c e n t  s a tu r a te d ,  10 p e rc e n t  m o n o -u n sa tu ra te d  an d  10 p e rc e n t p o ly ­
u n s a tu r a te d  fa t (T ru sw e ll, 1977).
R ecom m endations h av e  also  b een  m ade b y  th e  NACNE th a t  f ib re  
in ta k e s  sh o u ld  on a v e ra g e  b e  in c re a se d  to  30 g /d a y  from 20 g /d a y ,  th a t  
s a lt  an d  su c ro s e  in ta k e  sh o u ld  be  re d u c e d  and  th a t  alcohol in ta k e  sh o u ld  
dec lin e  to  4 p e rc e n t  o f to ta l e n e rg y  in ta k e .
T he  U n ited  S ta te s  p ro p o sa ls , u n lik e  th o se  in  B r ita in ,  recom m ended 
th a t  th e  in ta k e  o f d ie ta ry  ch o le s te ro l sh o u ld  no t ex ceed  300 m g /d a y .
T he  B r it is h  M edical A ssocia tion  is s u e d  one o f th e  m ore re c e n t 
r e p o r ts  b y  o ffic ia l b o d ies  in  m any c o u n tr ie s  on th e  to p ic  o f d ie t ,  
n u tr i t io n  an d  h e a lth  (A re p o r t  o f th e  B oard  o f Science an d  E d u ca tio n , 
BMA, 1986). T he r e p o r t  rev iew ed  th e  ev id en ce  s u g g e s tin g  th a t  a d ie t 
h ig h  in  f a t ,  p a r t ic u la r ly  s a tu ra te d  fa t ,  sa lt an d  s u g a r  an d  low in  f ib r e ,  
p re d is p o s e s  to  o b e s ity ,  d e n ta l c a r ie s ,  CHD, bowel d isea se  an d  o th e r  
m edical co n d itio n s . I t recom m ended th e  developm ent o f a n a tio n a l 
s t r a t e g y  fo r h e a lth  p rom otion  an d  d isease  p re v e n tio n  w hich w ould in c lu d e  
im provem en t o f th e  d ie t .
In  B r ita in ,  as in  o th e r  c o u n tr ie s ,  th e  re a lisa tio n  of su c h  a goal is  
h in d e re d  b y  g en u in e  d if fe re n c e s  of op in ion  among s c ie n t is ts  ab o u t th e  
s ta n d a rd  o f ev id en ce  n e c e s s a ry  b e fo re  an y  d ie ta ry  c h an g e  can  be 
recom m ended to  th e  g e n e ra l p u b lic . Some c u r r e n t  a re a s  o f d e b a te  
in c lu d e  th e  d e g re e  o f ch an g e  n e c e s s a ry  to  re d u c e  th e  m o rb id ity  an d  
m o rta lity  o f d ie t re la te d  d is e a s e s , th e  fe a s ib ility  of ch an g e  in  h a b itu a l 
d ie ta ry  p a t t e r n s ,  th e  p o ssib le  a d v e rse  s id e -e f fe c ts  o f ch an g e  and  w hich 
p o p u la tio n s  sho u ld  be  e n c o u ra g e d  to  c h a n g e .
A L ancet e d ito ria l (1986) exam ined some a sp e c ts  of th e  ro le  of th e  
g o v e rn m e n t in  d ev e lo p in g  a food an d  h e a lth  p o lic y . T he rev iew  of th e  
h is to ry  o f some r e p o r t s , w hich recom m ended d ie ta ry  c h a n g e , i l lu s tr a te d  
th e  co n flic t w hich e x is ts  o v e r co n te n t an d  p re s e n ta t io n  o f g u id e lin es  fo r
69
th e  g e n e ra l p u b lic , e v e n  w hen th e re  is  a la rg e  m easu re  o f ag ree m en t on 
g e n e ra l  p r in c ip le s .
P assm o re  (1986) an d  S ta re  (1986) a re  r e p re s e n ta t iv e  o f n u tr i t io n a l  
s c ie n t is ts  who opp o se  ex tre m e  c h an g e  in  p a t te r n s  o f  d ie ta ry  in ta k e .  
T h e y  b e liev e  th a t  a p r u d e n t  d ie t sh o u ld  in c lu d e  a v a r ie ty  o f foods from 
all m ajor food g ro u p s  in c lu d in g  f a ts ,  m eats an d  e g g s  in  m o d era te  
q u a n t i t ie s .  Foods sh o u ld  be  ch o sen  w ith in  th e  fram ew ork  o f an  e n e rg y  
in ta k e  a n d  e x p e n d itu re  a t w hich w eigh t can  be  m a in ta in ed  a t a 
re a so n a b le  le v e l. O b se rv a tio n  o f v a r ie ty  an d  m odera tion  in  th e  d ie t is  
lik e ly  to  e n s u re  th a t  m ost o f th e  new dem ands fo r d ie ta ry  m odification  
will b e  m et. T h ese  in c lu d e  v a r ie ty  in  d ie ta ry  so u rc e s  of fa ts  an d  oils 
in c lu d in g  f is h  o ils , in  so u rc e s  o f v itam ins A, C an d  3- c a ro te n e ,  in  
s o u rc e s  o f se len iu m , calcium  an d  iro n , in  so u rc e s  o f f ib re  an d  in  so u rc e s  
o f  c a rb o h y d ra te .
In  1977 M orris an d  h is  co lleagues rev ie w e d  th e ir  d a ta  from a
1956-1966 s tu d y  of d ie t an d  h e a r t  d ise a se  in  337 m id d le -ag ed  m en. The 
fo llow -up  d a ta  led  them  to  s u g g e s t  th a t  th e  p a t te r n  o f h e a lth y  liv in g  
a s so c ia te d  w ith  re la tiv e ly  li tt le  p ro n e n e s s  to  h e a r t  a t ta c k  c o n s is te d  o f 
h ig h  e n e rg y  in ta k e ,  h ig h  e n e rg y  e x p e n d i tu re ,  h ig h  in ta k e  of ce re a l f ib re  
(a n d  no c ig a r e t te s )  while a p a t te r n  o f low e n e rg y  in ta k e ,  p h y s ic a l
in a c t iv i ty ,  low in ta k e  o f c e re a l f ib re  (a n d  sm oking) c a r r ie d  a re la tiv e ly
h ig h  r i s k  o f h e a r t  a t ta c k .  T he two s ta t is t ic a l ly  s ig n if ic a n t re la tio n sh ip s  
w ith  d ie t w ere  w ith  e n e rg y  an d  f ib re  in ta k e ,  b u t  n o t w ith  fa t in ta k e .
D esp ite  ca u tio u s  d isc la im ers b y  m any n u tr i t io n a l s c ie n t is ts  th a t  
th e r e  is  v e r y  li ttle  ev id en ce  th a t  d ie t is  m ore th a n  a m inor r i s k  fa c to r  in  
m u ltifa c to ria l d ise a se s  su c h  as c a rd io v a sc u la r  d ise a se  an d  c a n c e r , i t  
a p p e a rs  th a t  m any peop le  a re  co n v in ced  th a t  th e y  sh o u ld  low er th e i r  f a t , 
c h o le s te ro l,  s a lt  and  s u g a r  in ta k e  an d  in c re a s e  th e i r  f r u i t ,  v e g e ta b le  an d  
f ib re  in ta k e  to  avo id  th e se  d is e a s e s . T he s tu d y  o f th e  m o tivations 
n e c e s s a ry  to  t r a n s la te  th e se  b e lie fs  in to  ac tion  is  th e  realm  o f th e
b e h a v io ra l s c ie n t is t .  In  la rg e  scale clin ica l t r i a l s ,  w hich  h av e  a 
com ponent in v o lv in g  lo n g -te rm  d ie ta ry  c h a n g e , n u tr i t io n is ts  an d  
d ie ti t ia n s  now w ork  c losely  w ith  b e h a v io ra l s c ie n t is ts .
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P e rh a p s  th e  c o n s id e ra b le  d isag ree m en t in  th e  sc ie n tif ic  com m unity 
on  th e  n e c e s s ity  fo r  an d  e x te n t  an d  fe a s ib ility  o f ch a n g e  in  th e  b as ic  
p r o te in ,  fa t an d  c a rb o h y d ra te  com position o f th e  d ie t is  th e  p r ic e  to  be  
p a id  fo r  an  in c re a s e d  p u b lic  a w a re n e ss  o f th e  e lem en ts  o f good n u tr i t io n  
in  re la tio n  to  good h e a lth  an d  o f th e  d a n g e rs  to  h e a lth  o f a s e d e n ta ry  
e x is te n c e .
R ecen t ev id en ce  o f th e  gap  b e tw een  know ledge an d  im plem entation  
w as g iv e n  b y  C a irn s -S m ith , who was c ite d  in  a L ancet (1988) C o n feren ce  
R e p o r t .  He in d ic a te d  th a t ,  a lth o u g h  m any peop le  in  S co tland  a re  
w ell-in fo rm ed  ab o u t th e  e ffe c t o f life s ty le  on h e a l th , p a r t ic u la r ly  in  
re la tio n  to  CHD, few h ad  c h an g e d  d ie ta ry ,  e x e rc is e  o r  h e a lth  m on ito ring  
h a b i ts .
T he  id e n tif ic a tio n  o f th e  p lace  o f n u tr i t io n  am ong th e  m ultip le  and  
in te r a c t in g  c a u se s  of ch ro n ic  d isea se  is  a co n tin u in g  ch a llen g e  to 
n u tr i t io n a l  s c ie n t is ts .
3 .1 3 .2  E vo lv ing  u n d e r s ta n d in g  o f th e  in te ra c tio n  o f e n e rg y  an d  n u tr ie n ts  
an d  th e  in te ra c tio n  an d  b io av a ilab ility  o f n u t r i e n t s . M unro (1985) 
d is c u s s e d  some o f th e  sc ien tif ic  b a se s  on w hich RDAs a re  fo u n d ed  o r 
may be  fo u n d ed  in  th e  fu tu re  an d  id e n tif ie d  some im p o rta n t a re a s  fo r 
f u r th e r  e x p lo ra tio n . T h ese  in c lu d e d  b io a v a ila b ility , n u tr ie n t  in te ra c tio n s  
an d  d r u g - n u t r ie n t  in te ra c t io n s .  He n o te d , in  re la tio n  to  o s te o p o ro s is , 
th a t  th e  ro le  o f p ro te in  in ta k e  in  d e te rm in in g  calcium  loss was th e  
su b je c t o f c o n tra d ic to ry  e v id e n c e . T h is  su b je c t was in c lu d ed  in  an 
e x te n s iv e  rev iew  of calcium n u tr i t io n  an d  bone h e a lth  in  th e  e ld e r ly  b y  
H ean ey , G a llag h e r, J o h n s to n , N eer, P a rf il t  an d  W hedon, (1982) who 
co n c lu d ed  th a t  p ro te in  and  f ib re  ta k e n  in  e x c e ss  e ffe c tiv e ly  in c re a se  
calcium  re q u ire m e n ts  b y  re d u c in g  re te n tio n  of a b so rb e d  calcium  o r b y  
in c re a s in g  faeca l e x c re tio n  o f calcium . T he e ffe c t o f f ib re  in ta k e  was 
d is c u s s e d  b y  A llen in  1982 in  a rev iew  o f calcium  b io av a ilab ility  and  
a b so rp tio n  an d  was s ta te d  b y  h e r  (A llen 1986) as an in c re a se  of 100 mg 
in  calcium  re q u ire m e n t fo r e v e ry  18g o f f ib re  consum ed . She n o te d  th a t  
th e  p o ss ib le  h arm fu l e ffe c ts  on calcium a b so rp tio n  sh o u ld  be k e p t in  mind
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w hen  i t  was recom m ended th a t  la rg e  am oun ts  o f f ib re  sh o u ld  b e  a d d e d  to  
th e  d ie t .
B o th  A llen a n d  H eaney  s u g g e s te d  th a t  th e  RDA fo r  calcium  fo r 
a d u l ts  sh o u ld  b e  s e t a t a t le a s t  1200 to  1500 m g /d a y . H eaney  s ta te d  
th a t  th e  m ean re q u ire m e n t o u g h t to  b e  th o u g h t o f as a com plex fu n c tio n  
o f a g e , s e x ,  a b so rp tio n  e ff ic ie n c y , in ta k e  o f p ro te in ,  f ib re  an d  p ro b a b ly  
o th e r  n u t r i e n ts ,  o e s tro g e n  s ta tu s  and  m echan ical lo a d in g . T h is  com plex 
view  o f th e  re q u ire m e n ts  fo r one n u tr ie n t  e x te n d s  to  re q u ire m e n ts  fo r all 
n u t r i e n t s .
M unro (1985) i l lu s t r a te d  th is  f u r th e r  in  em p h asis in g  th e  ro le  o f 
a sc o rb ic  ac id  in  p ro m o tin g  iro n  a b so rp tio n  a n d  th e  ro le  o f lev e l o f 
e n e rg y  in ta k e  on u tiliz a tio n  o f d ie ta ry  p ro te in .
A r e p o r t  on e n e rg y  an d  p ro te in  re q u ire m e n ts  ( FAO/W HO/UNU, 
1985) co n c lu d ed  th a t  th e  o v e ra ll com position o f th e  d ie t m ust b e  ta k e n  
in to  acc o u n t w hen a s s e s s in g  d ig e s t ib il i ty  o f p ro te in .  V aria tio n s  may 
a r is e  in c lu d in g  th o se  from d if fe re n c e s  in  th e  n a tu re  o f food p ro te in ,  in  
th e  q u a n t i ty  o f d ie ta ry  f ib re  o r  in  chem ical re a c tio n s  in  th e  g u t .  
C o rre c tio n s  o f b o th  e n e rg y  an d  p ro te in  re q u ire m e n t w ere recom m ended to  
acc o u n t fo r d ig e s t ib il i ty .
T he im p o rtan ce  o f n u tr ie n t  /n u t r ie n t  in te ra c t io n s  w ere em p h asised  b y  
M unro a n d  also  b y  M ertz (1983) w ho, in  a rev iew  o f th e  new know ledge 
o f t r a c e  e lem en ts , s ta te d  th e  follow ing as a fu n d am en ta l fac t o f 
n u tr i t io n a l  sc ie n c e .
"A s p a r t  o f a v a r ie d  an d  w e ll-b a lan ced  d ie t ,  th e  atom of o u r  tr a c e  
elem ent is  in  equ ilib rium  w ith  o th e r  e s s e n tia l  t r a c e  e le m e n ts , 
v ita m in s , an d  m ic ro n u tr ie n ts  (n o t y e t  id e n tif ie d  as e s s e n tia l)  an d  all 
th e s e  in  th e i r  e n t i r e ty  a re  in  eq u ilib riu m  w ith  th e  m a c ro n u tr ie n ts .”
He co n c lu d ed  th a t  s in ce  no s in g le  food p ro v id e s  th is  ’’m iracu lous 
b a la n c e ” , v a r ie ty  in  th e  d ie t is  th e  w ay to  o b ta in  i t  an d  th a t  th e  
s a fe ty  an d  ad e q u a c y  o f a d ie t in c re a s e s  w ith  th e  n u m b er o f i t s  
d if f e re n t  food com ponen ts .
3 .14  Low in ta k e s  o f e n e rg y  an d  m etabolic a d a p ta t io n . T he id e n tif ic a tio n  
a n d  q u a n tif ic a tio n  o f ad a p tiv e  c h a n g e s  b y  th e  b o d y  in  re sp o n se  to
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c h a n g e s  in  e n e rg y  in ta k e  h as  c o n tin u e d  s in ce  th e  M innesota s tu d y  o f 
K ey s , e t  a l . , (1950) w hich  is  d e s c r ib e d  in  Section  3 .5 .
D u rn in , e t a l . ,  (1973) n o te d  th a t  th e  r e s u l t s  o f c a re fu l s tu d ie s  in  a 
n u m b e r o f c o u n tr ie s  s u g g e s te d  th a t  some p e o p le , p e rh a p s  th ro u g h  some 
m echanism  o f a d a p ta tio n  a re  ab le  to  b e  h e a lth y  a n d  a c tiv e  on e n e rg y  
in ta k e s  w h ich , b y  c u r r e n t  s ta n d a r d s ,  w ould b e  r e g a rd e d  as in a d e q u a te .
In  a rev iew  o f s tu d ie s  of e n e rg y  b a lan ce  o f man w ith  p a r t ic u la r  
re fe re n c e  to  low in ta k e s ,  h e  lis te d  te n  p o p u la tio n s  w hose m ean in ta k e s  of 
e n e rg y  w ere  ’’a s to n ish in g ly  low” (D u rn in , 1979). He n o te d  th a t  an  
im p o rta n t ch a n g e  in  a t t i tu d e  am ong s c ie n t is ts  to w a rd s  r e p o r ts  o f low 
e n e rg y  in ta k e s  h ad  ta k e n  p lace  d u r in g  th e  1970s. I t was re c o g n ise d  
th a t  n o t all su c h  r e p o r ts  w ere th e  r e s u l t  o f e r r o r s  in  re c o rd in g  food 
in ta k e .  A s tu d y  o f te n  E th iop ian  m en, w hich w as c o n d u c te d  b y  M iller 
an d  D u rn in , show ed th a t  two o f th e  men a p p e a re d  to  h av e  u n u s u a lly  low 
in ta k e s  of e n e rg y  (1 ,500  k c a l /d a y )  an d  w ere ab le to  m ain tain  w eigh t an d  
norm al a c tiv it ie s  ev en  u n d e r  c a re fu l s u p e rv is io n .
T he e n e rg y  in ta k e s  of p re g n a n t  an d  la c ta t in g  women in  New G uinea 
s tu d ie d  b y  D u rn in  a p p e a re d  to  b e  low com pared  to  commonly a c c e p te d  
s ta n d a rd s  an d  some in te r e s t in g  re c e n t w ork  on e n e rg y  s p a r in g  
m echanism s h as  a r is e n  from th e se  o b se rv a tio n s  and  com parab le  ones in  
o th e r  c o u n tr ie s .
In  th e  r e p o r t  o f one o f th e se  s tu d ie s ,  P re n tic e  (1984) rev iew ed  
fa c to rs  w hich  a re  c o n s id e re d  to  b e  of im p o rtan ce  in  s tu d ie s  o f ad a p ta tio n  
to  lo n g  te rm  low e n e rg y  in ta k e . E xam ination o f com para tive  d a ta  re la tin g  
to  e n e rg y  b a lance  d u r in g  p re g n a n c y  an d  la c ta tio n  in  a ff lu e n t women from 
C am bridge  UK and  in  po o r r u r a l  women in  K en eb a , th e  Gambia show ed 
th a t  th e  women from  K eneba ach iev ed  o v e ra ll e n e rg y  b a lan ce  on in ta k e s  
w hich d u r in g  p re g n a n c y  and  la c ta tio n  ra n g e d  from m eans of 1 ,300-1 ,800  
k c a l /d a y .  T h is  was an  e n e rg y  d e f ic it,  com pared  to  th e  C am bridge 
women o f 29 p e rc e n t d u r in g  p re g n a n c y  an d  27 p e rc e n t d u r in g  la c ta tio n . 
I t  was fo u n d  th a t  some C am bridge women a p p e a re d  to  m ain ta in  e n e rg y  
b a lan ce  on a m easu red  e n e rg y  in ta k e  ty p ic a l of a woman in  K eneba , b u t 
th e s e  w ere  co n s id e re d  to  r e p re s e n t  th e  ex trem e en d  o f th e  norm al 
d is tr ib u t io n .
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T he m ost lik e ly  a re a s  in  w hich m etabolic econom ies cou ld  b e  made 
b y  u n d e rn o u r is h e d  s u b je c ts  w ere d is c u s s e d  b y  P re n tic e .  T h ese  w ere 
r e d u c e d  p h y s ic a l a c t iv i ty ,  re d u c tio n  in  a c tiv e  t i s s u e  m ass , r e d u c tio n  in  
BMR, re d u c tio n  in  th e rm o re g u la to ry  n o n - s h iv e r in g  th e rm o g e n e s is , 
r e d u c t io n  in  d ie t- in d u c e d  th e rm o g e n e s is , re d u c tio n  in  e n e rg y  co s t o f 
m u sc u la r  a c t iv ity  an d  in c re a s e d  e ff ic ien cy  o f a b so rp tio n  o f d ie ta ry  
e n e r g y .  He fo u n d  th a t  c h a n g e s  in  th e i r  o v e ra ll m etabolic e ff ic ien cy  may 
h a v e  o c c u r re d  b u t  th a t  th e y  w ere no t d u e  to  re d u c tio n  in  ac tiv e  t i s s u e  
m a ss , n o r  to  d if fe re n c e s  in  e a tin g  p a t te r n s  a n d , th e re fo r e ,  to  
d if fe re n c e s  in  d ie t- in d u c e d  th e rm o g e n e s is  n o r  to  in c re a s e d  e ff ic ien cy  of 
a b s o rp tio n . T he p rim a ry  m echanism s b y  w hich  he  c o n s id e re d  su ff ic ie n t 
e n e rg y  cou ld  be  s p a re d  to  acco u n t fo r th e  o b s e rv e d  d if fe re n c e s  in  in ta k e  
b e tw ee n  th e  tw o g ro u p s  w ere re d u c tio n  in  th e m o re g u la to ry  n o n - s h iv e r in g  
th e rm o g e n e s is , p o s s ib ly  th ro u g h  p ro la c tin  m ediation  an d  fall in  BMR p e r  
u n i t  a c tiv e  t is s u e  m ass. S ec o n d a rily , th e re  may h av e  b e e n  d if fe re n c e s  
in  th e  ab so lu te  am ount o f p h y s ic a l a c tiv ity  an d  in  th e  e n e rg y  co s t of 
m u sc u la r  a c t iv i ty .
He co n c lu d ed  th a t  m any p o p u la tio n s  e x is t  in  g en u in e  e n e rg y  b a lan ce  
on  s u rp r is in g ly  low e n e rg y  in ta k e s  an d  th a t  th is  f in d in g  is  no t th e  
r e s u l t  o f in c o r re c t  e s tim a tes  o f food in t a k e , b u t  o f d if fe re n c e s  in  
m etabo lic  e ff ic ie n c y .
In  common w ith O rr  an d  L eitch  in  1938, who re c o g n ise d  th a t  i t  was 
p o ss ib le  to  live  an d  w ork  a t m uch low er e n e rg y  in ta k e  th a n  th e y  
recom m ended , b u t  th a t  i t  m igh t b e  ”a t th e  e x p e n se  o f h e a lth  an d  
e ff ic ie n c y ” , P re n tic e  s ta te d  th a t  ”su c h  d ie ta ry  co n d itio n s  a re  alm ost 
c e r ta in ly  incom patib le  w ith  th e  optimum q u a lity  o f life  we w ish to  see  
a c h ie v e d  fo r  su c h  com m unities an d  m ust be  r e g a rd e d  as minimum 
re q u ire m e n ts ” .
In  a r e p o r t  o f some r e s u l t s  from  th e  S c o ttish  c e n tre  o f a
m u ltin a tio n a l s tu d y  on e n e rg y  re q u ire m e n ts  in  p re g n a n c y  an d  la c ta tio n ,
D u rn in , M cKillop, G ran t an d  F itz g e ra ld , (1985) in d ic a te d  th a t  d e p re s s io n  
o f th e  b a sa l m etabolic r a te  in  th e  f i r s t  h a lf  of p re g n a n c y  could  p ro d u c e
c o n s id e ra b le  e n e rg y  s a v in g s . T h e re  was l i t t le  in d ic a tio n  th a t  p h y s ic a l
74
a c t iv ity  a l te re d  s ig n if ic a n tly , e x c e p t d u r in g  th e  la s t  few w eeks o f 
p re g n a n c y .
In  a f u r th e r  r e p o r t  on th e  same s tu d y ,  th e  a u th o rs  (D u rn in , 
G ra n t,  McKillop a n d  F itz g e ra ld , 1987) a t t r ib u te d  a d e fic it o f 193MJ 
(67 ,159  k ca l)  b e tw een  th e  to ta l e n e rg y  co s t o f la y in g  dow n fe ta l an d  
m a te rn a l t i s s u e s  a n d  in c re a s e d  m etabolism  d u r in g  p re g n a n c y  an d  th e  
a p p a re n t  in c re a s e  in  e n e rg y  in ta k e  to  "m any sm all re d u c tio n s  in  e n e rg y  
e x p e n d i tu r e . . . .  w hich  w ere n o t d e te c ta b le  b y  th e  m ethods u s e d . ” Van 
R aaij, V erm aat-M iedem a, S ch o n k , P eek  an d  H a u tv a s t,  (1987) who s tu d ie d  
p r e g n a n t  D u tch  women c ite d  " a d ju s tm e n ts  to  p h y s ic a l a c t iv i ty ,  an  
in c re a s e  in  w ork  e ffic ien cy  an d  an  a d a p ta tio n  o f th e  m etabolic re sp o n s e  
to  food" fo r th e  d e fic it fo u n d  in  th e ir  s tu d y .
T he  q u e s tio n  o f w h e th e r  th e  e n e rg y  in ta k e  o f th e se  two g ro u p s  of 
p r e g n a n t  women was in d e e d  low, com pared  to  th e i r  e n e rg y  e x p e n d i tu re ,  
rem a in s  o p e n .
M ajor r e s e a r c h  on th e  su b je c t o f low in ta k e s  was rev iew ed  in  th e  
FAO/W HO/UNU (1985) r e p o r t  on e n e rg y  an d  p ro te in  re q u ire m e n ts  w hich 
sum m arised  th e  p rob lem  as th e  d e fin itio n  o f th e  ra n g e  in  to ta l e n e rg y  
e x p e n d i tu re  w hich can  b e  ach iev ed  w ithou t an y  d e te c ta b le  d is a d v a n ta g e . 
T h is  r e p o r t  an d  Jam es (1985) c o n s id e re d  some o f th e  q u e s tio n s  w hich 
e x is t  in  re la tio n  to  v a r ia tio n  in  BMR. T h ese  a re  p a r t ic u la r ly  s t r ik in g  
b e tw ee n  d if fe re n t  ra c ia l g ro u p s .  Jam es sp e c u la te d  th a t  th e re  w ere a 
n u m b e r o f p o ss ib le  ca u se s  fo r th e  low er BMR v a lu es  fo r In d ian  (A sian ) 
a s  o p p o sed  to  E u ro p ea n  o r N orth  A m erican s u b je c ts .  T h ese  w ere 
d if fe re n c e s  in  d ie t an d  n u tr i t io n a l s ta te s ;  d if fe re n c e s  in  b o d y  com position 
e v e n  a t th e  same w eigh t an d  h e ig h t;  clim atic e f fe c ts ;  g en e tica lly  
d e te rm in e d  d if fe re n c e s  in  th e  m etabolic a c tiv ity  o f t i s s u e s  an d  some k in d  
o f  a d a p tiv e  m echanism  th a t  e i th e r  d e c re a se s  th e  am ount of chem ical w ork  
done in  th e  b o d y  o r  e n ab le s  i t  to  b e  done m ore e f f ic ie n t ly .
B lackw ell, B ru n ,  Webb an d  R ack , (1984) in v e s t ig a te d  th e  e ffe c t of 
p o ss ib le  ra c ia l d if fe re n c e s  in  a com parison  o f th e  e n e rg y  e x p e n d itu re  o f 
e ig h t V ietnam ese an d  e ig h t N orth  A m ericans o v e r  24 h o u r s .  No 
d if fe re n c e s  w ere fo u n d  b e tw een  th e  two g ro u p s  in  e n e rg y  in ta k e  re la te d  
to  le an  b o d y  m ass o r a t m odera te  lev e ls  of a c tiv ity  in  e n e rg y  o u tp u t p e r
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k ilog ram  o f  fa t f re e  m ass . T he A sian  su b je c ts  who a p p e a re d  to  b e  small 
e a te r s  d id  n o t show  a low er r e s t in g  m etabolic r a t e .  T he o u ts ta n d in g  
d if fe re n c e  b e tw e e n  th e  A sians an d  C au casian s  w as th a t  th e  A sian s  
seem ed to  in c re a s e  th e i r  e n e rg y  o u tp u t  s ig n if ic a n tly  le s s  w hen s ta n d in g  
u p  from  a ly in g  p o s itio n .
I t h a s  becom e in c re a s in g ly  common to  s tu d y  m etabolic a d a p ta tio n  to  
low e n e rg y  in ta k e s  in  o v e rw e ig h t a n d  o b ese  s u b je c ts .  In  one su c h  
s tu d y ,  a r e s p ir a t io n  cham ber was u se d  to  m easu re  e n e rg y  e x p e n d i tu re ,  
fo o d , fa e c e s  a n d  u r in e  w ere a n a ly zed  an d  b o d y  d e n s ity  a s s e s se d  b y  
u n d e rw a te r  w e ig h in g . T he d a ta  co llec ted  from th e  s ix  o v e rw e ig h t female 
s u b je c ts  s u g g e s te d  th a t  a low e n e rg y  in ta k e  o v e r  s ix  w eeks low ered  th e  
24 h o u r  e n e rg y  e x p e n d itu re  more th a n  cou ld  be  a c c o u n te d  fo r  b y  w eigh t 
lo ss  alone (d e  B o e r, Van E s , Van Raaij an d  H a u tv a s t,  1984). No norm al 
w eig h t women w ere u se d  as c o n tro ls  as th e y  w ere b y  S ch u tz  an d  J e q u ie r
(1986) who s tu d ie d  th e  e n e rg y  e x p e n d itu re  o f 20 o bese  women an d  21 
m a tch ed  c o n tro ls  who s p e n t 24 h o u rs  in  a whole b o d y  c a lo rim e te r . The 
v a lu e s  o b ta in e d  fo r  to ta l e n e rg y  e x p e n d itu re  w ere 1 .3 -1 .4  x BMR.
P re n tic e ,  D avies an d  B lack , (1985) u se d  th e  d o u b ly -lab e lled  w a te r  
m ethod  (S ec tio n  3 .8 .2 .1 )  to m easu re  th e  a v e ra g e  daily  e n e rg y  
e x p e n d i tu re  o v e r  14-21 d ay  p e r io d s  in  12 h e a lth y  women follow ing th e ir  
norm al a c t iv i ty  p a t te r n .  T he mean to ta l e n e rg y  e x p e n d itu re  was 1 .38 ± 
0 .0 4 , w hich  w as c h a ra c te r is e d  b y  P re n tic e  as an  u n e x p e c te d ly  low level 
o f e n e rg y  e x p e n d i tu re ,  a lth o u g h  on ly  two o f th e  9 n o n -p re g n a n t ,  
n o n - la c ta t in g  su b je c ts  e x p e n d e d  le ss  th a n  1,761 k c a l /d a y .
In te rm itte n t  a tte m p ts  a t w eigh t re d u c tio n  h av e  becom e p a r t  o f th e  
p a t te r n  o f life  o f v a s t  n u m b ers  of women an d  men in  th e  w e s te rn  w orld  
o v e r  th e  la s t  t h i r t y  y e a r s .  T he long  te rm  m etabolic a d a p ta tio n s , w hich 
may o c c u r  u n d e r  th e se  " fe a s t o r fam ine" co n d itio n s  w ere s tu d ie d  b y  
G hali a n d  D u rn in  in  1977. T he e n e rg y  in ta k e  o f th e  one female su b je c t 
w as v a r ie d  c o n s id e ra b ly  e i th e r  above o r below c o n tro l lev e l d u r in g  a 
p e r io d  o f 20 m o n th s , while p h y s ic a l a c t iv ity  rem ained  c o n s ta n t .  D u rin g  
th e  u n d e re a t in g  p h a s e s  th e  BMR d e c re a se d  an d  d u r in g  th e  o v e re a tin g  
p h a s e s ,  i t  in c re a s e d  a g a in , b u t  as th e  ex p erim en t c o n tin u e d , th e  BMR 
becam e re d u c e d  to  p ro g re s s iv e ly  low er lev e ls  an d  a t th e  en d  o f 20
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m o n th s , a lth o u g h  th e  b o d y  w eigh t h ad  r e tu r n e d  to  i t s  o rig in a l co n tro l 
v a lu e , th e  BMR w as 15 p e rc e n t  low er th a n  in itia lly  (D u rn in , 1984).
R ed u c tio n  in  BMR an d  re d u c tio n  in  p h y s ic a l a c t iv ity  rem ain  th e  m ost 
c re d ib le  s o u rc e s  o f e n e rg y  sa v in g  w hen d ie ta ry  e n e rg y  in ta k e  a p p e a rs  to  
b e  in a d e q u a te .
Two com m ents re le v a n t to  th e s e  is s u e s  w ere  made in  th e  
FAO/W HQ/UNU (1985) r e p o r t  on e n e rg y  an d  p ro te in  re q u ire m e n ts .  One 
c o n c e rn e d  th e  b io log ical q u e s tio n s  to  b e  a s k e d  in  s e t t in g  e n e rg y  
r e q u ire m e n ts :
" I f  e s tim a te s  o f e n e rg y  re q u ire m e n ts  a re  to  h av e  w ide v a lid ity , 
th e y  m ust ta k e  acco u n t o f th e  e x te n t  to  w hich  th e  b o d y  can  a d a p t 
to  d if fe re n t  le v e ls  o f in ta k e  b y  a c h an g e  in  e i th e r  BMR o r  th e  
e ff ic ie n c y  o f p h y s ic a l w o rk . T h is  is  a m ajor fie ld  fo r fu tu re  
r e s e a r c h ."
T he seco n d  c o n c e rn e d  th e  goals o f f u tu r e  ep idem iological an d  com m unity 
s tu d ie s :
" I t h a s  b e e n  p ro p o se d  th a t  a c u t-o f f  p o in t (a n  e n e rg y  in ta k e  le ss  
th a n  1.2  x BMR) cou ld  b e  u se d  to  id e n tify  in d iv id u a ls  w here  e n e rg y  
re q u ire m e n ts  a re  c le a r ly  n o t b e in g  m et. I t is  a q u e s tio n  fo r 
o p e ra tio n a l r e s e a rc h  w h e th e r  a c u t-o f f  p o in t o f th is  k in d  is  u s e fu l 
fo r  p la n n in g  p u rp o s e s .  If  i t  is  u s e fu l ,  th e n  more w ork  will be 
n e e d e d  to  id e n tify  th e  a p p ro p r ia te  v a lu e s  o f th e  c u t o ff p o in t fo r 
d if fe re n t  g ro u p s  o f th e  p o p u la tio n ."
3 .15 Sum m ary o f P a r t  2 . T he seco n d  p a r t  o f th e  h is to r ic a l rev iew  
c o v e rs  th e  y e a r s  from th e  com pletion of th e  th e s is  s tu d ie s  u n ti l  1988. I t 
re v ie w s :
1) s tu d ie s  w hich hav e  u se d  sim ilar o r  id e n tic a l m ethods in  th e  s tu d y
o f men an d  women ag ed  b e tw een  50 an d  75 y e a r s ;
2) c h a n g e s  in  a t t i tu d e s  to w ard s  th e  m ethods in  re la tio n  to  th e ir
re lia b il i ty  an d  v a lid ity ;
3) new  d evelopm en ts  an d  im provem ents  in  th e  o rig in a l m ethods an d  
a l te rn a t iv e  m ethods d e s ig n e d  to  o b ta in  sim ilar d a ta ;
4) new  em phases g iv en  to  b o d y  size  an d  b o d y  com position
m e asu rem en ts  in  re la tio n  to  a g in g  an d  m o rb id ity  an d  m o rta lity  
from  d e g e n e ra tiv e  d ise a se ;
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5) a d v a n c e s  in  know ledge o f to ta l  e n e rg y  e x p e n d itu re  an d  i t s  
co m p o n en ts , b a sa l m etabolic r a te  a n d  p h y s ic a l a c tiv ity  d u r in g  
o ccu p a tio n a l an d  le isu re  o r  d is c re t io n a ry  tim e as a b a s is  fo r 
e s tim a tin g  e n e rg y  re q u ire m e n ts  o f o ld e r  a d u l ts ;
6) a d v a n c e s  in  know ledge o f d ie ta ry  in ta k e  an d  u tiliz a tio n  of e n e rg y  
a n d  n u tr ie n ts  as a b a s is  fo r e s tim a tin g  e n e rg y  a n d  n u tr ie n t  
re q u ire m e n ts  o f o ld e r a d u lts ;
7) th e  c o n te n t o f some d ie ta ry  g u id e lin es  an d  th e ir  d ep en d e n ce  on 
c u r r e n t  co n ce p ts  o f th e  re la tio n s h ip s  b e tw een  d ie ta ry  
co m p o n en ts , d isea se  an d  h e a lth ;
8) new  w ays o f v iew ing  an d  e x p re s s in g  e n e rg y  re q u ire m e n ts ;
9) s tu d ie s  w hich focus on in d iv id u a ls  an d  p o p u la tio n s  th a t  a p p e a r  to  
h av e  in a d e q u a te  lev e ls  of e n e rg y  in ta k e ;  an d
10) ad v a n c e s  in  know ledge o f th e  p ro c e s s e s  a n d  co n seq u en c es  o f 
a g in g  b ey o n d  th e  m iddle y e a rs  an d  p a r t ic u la r ly  th e  in te ra c tio n s  
b e tw een  n u tr i t io n ,  p h y s ic a l a c t iv ity  an d  a g in g .




4 .1  R e se a rc h  q u e s tio n s ,  sp ec ific  h y p o th e se s  an d  sp ec ific  a im s.
T he  l i te r a tu r e  from w hich th e  g e n e ra l r e s e a rc h  q u e s tio n s  a ro se  was 
re v ie w e d  in  th e  H is to rica l R eview , P a r t  1 an d  was sum m arised  in  Section  
3 .7 .  T he  rev iew  in d ic a te d  th a t  th e re  was v e r y  li ttle  in fo rm ation  
av a ilab le  on th e  e n e rg y  in ta k e  an d  e n e rg y  e x p e n d itu re  o f men an d  
women o f o v e r  50 y e a rs  o f age  an d  on th e  re la tio n s h ip s  be tw een  
o c c u p a tio n , to ta l e n e rg y  e x p e n d i tu re ,  p a t te r n s  o f p h y s ic a l a c t iv ity  an d  
e n e rg y  a n d  n u t r ie n t  in ta k e . T h e re  was also some c o n c e rn  ab o u t th e  
n u tr i t io n a l  a d e q u a c y  o f th e  d ie t o f men an d  women ag ed  o v e r  65 y e a rs  
who liv ed  a lone .
Among th e  m ost im p o rtan t q u e s tio n s  w ere :
1 -a ) Was th e re  a d iffe re n c e  be tw een  th e  to ta l da ily  e n e rg y  e x p e n d itu re  
o f g ro u p s  o f men ag ed  50-65 who p e rfo rm e d  h a rd  p h y s ic a l la b o u r 
d u r in g  th e ir  w ork h o u rs  an d  th o se  w hose w ork was m ainly 
s e d e n ta ry ?  Did th is  d if fe r  from g ro u p s  o f men ag ed  u n d e r  50 
y e a rs ?
1 -b )  Was th e re  a d iffe re n c e  in  e n e rg y  e x p e n d itu re  b e tw een  g ro u p s  of 
women who w ere housew iv es  and  th o se  who also  w orked  o u ts id e  o f 
th e  home? Did th is  d if fe r  from g ro u p s  o f women ag ed  u n d e r  50 
y e a rs ?
2) Was a n y  d iffe re n c e  in  to ta l e n e rg y  e x p e n d itu re  be tw een  g ro u p s  
alm ost w holly d u e  to  e n e rg y  ex p e n d e d  in  o ccu p a tio n a l a c t iv i t ie s , 
th e  c o ro lla ry  b e in g  th a t  th e re  was li ttle  d iffe re n c e  b e tw een  g ro u p s  
in  e n e rg y  e x p e n d e d  in  n o n -o ccu p a tio n a l a c tiv itie s?  Did th is  d if fe r  
from  g ro u p s  ag ed  u n d e r  50 y e a rs?
3) Did th e  e n e rg y  in ta k e  o f each  o ccu p a tio n a l g ro u p  re f le c t th e  
e n e rg y  e x p e n d itu re  o f th e  g ro u p ?  Did th is  d if fe r  from g ro u p s  
a g e d  u n d e r  50 y e a rs?  Was th e  in ta k e  a d e q u a te  b y  commonly 
a c c e p te d  s ta n d a rd s ?
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4) Were th e re  d if fe re n c e s  b e tw een  th e  o ccu p a tio n a l g ro u p s  in  in ta k e  
o f  p r o te in ,  f a t ,  calcium  an d  i ro n ,  w hich  w ere n o t re la te d  to  e n e rg y  
in ta k e ?  Did th e  in ta k e s  m eet commonly a c c e p te d  s ta n d a rd s  o f 
ad eq u a cy ?
5) Was th e re  a d e c re a se  in  th e  e n e rg y  e x p e n d itu re  an d  in ta k e  of 
g ro u p s  ag ed  o v e r  65 com pared  to  th o se  ag ed  50-65 y e a rs ?
6) Were th e  d ie ts  o f in d iv id u a ls  o r  g ro u p s  of men an d  women who 
liv ed  alone in a d e q u a te  in  p ro te in ,  calcium  o r  i r o n ,  com pared  to  
commonly a c c e p te d  s ta n d a rd s ?
F o u r sp ec ific  h y p o th e se s  w ere fo rm u la ted  to  te s t  th e  re la tio n s h ip s
b e tw een  th e  v a r ia b le s  a d d re s s e d  in  th e  re s e a rc h  q u e s tio n s .
Specific  H y p o th ese s
A . l )  T h e re  will be  sy stem a tic  d iffe re n c e s  in  e n e rg y  e x p e n d itu re  
an d  e n e rg y  an d  n u tr ie n t  in ta k e  of g ro u p s  of su b je c ts  of 
m ean age  be tw een  50 and  65 y e a rs  b e tw een  o ccu p a tio n a l 
g ro u p s  o f th e  same se x .
A .2) T h e re  will be  sy stem a tic  d iffe re n c e s  in  e n e rg y  e x p e n d itu re  
an d  e n e rg y  an d  n u tr ie n t  in ta k e  of g ro u p s  o f su b je c ts  of th e  
same sex  o f mean age be tw een  50 and  65 y e a rs  an d  
com parab le  g ro u p s  o f mean age  of o v e r 65.
B . 1) T h e re  will b e  d e sc r ip t iv e  v a r ia tio n s  in  th e  tim e an d  a c tiv ity
p a t te r n s  an d  e n e rg y  an d  a c tiv ity  p a t te r n s  o f g ro u p s  of
su b je c ts  o f m ean age be tw een  50 an d  65 y e a rs  b e tw een  
o ccu p a tio n a l g ro u p s  o f th e  same s e x .
B .2 )  T h e re  will be  d e s c r ip t iv e  v a r ia tio n s  in  th e  time an d  a c tiv ity  
p a t te r n s  an d  e n e rg y  an d  a c tiv ity  p a t te r n s  be tw een  g ro u p s  o f
th e  same sex  and  o f m ean age be tw een  50 an d  65 y e a rs  and
com parab le  g ro u p s  of mean age of o v e r  65.
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In  o r d e r  to  assem b le  th e  d a ta  b a se  n e c e s s a ry  to  exam ine th e se  
h y p o th e s e s ,  th e  follow ing sp ec ific  aims w ere  ch o se n :
to  se le c t an d  s tu d y  in d e p e n d e n t g ro u p s  o f no rm ally  h e a l th y , f r e e -  
liv in g  men an d  women w hose o ccu p a tio n s  an d  life s ty le s  
r e p r e s e n te d
some o f  th e  u s u a l p a t te r n s  o f w ork  an d  le isu re  o f peop le  ag ed  50 
y e a r s  a n d  o v e r  in  th e  S co ttish  p o p u la tio n .
to  o b ta in  a d e ta ile d , a c c u ra te  r e c o rd  o f da ily  a c tiv itie s  from each  
in d iv id u a l fo r  se v e n  d a y s .
to  o b ta in  a d e ta ile d  an d  a c c u ra te  re c o rd  o f food in ta k e  from each  
in d iv id u a l fo r  se v e n  d a y s .
to  m easu re  th e  h e ig h t an d  w eigh t o f each  in d iv id u a l.
T
to  m easu re  th e  e n e rg y  co st to  each  in d iv id u a l o f a se le c te d  g ro u p  
o f o c cu p a tio n a l an d  n o n -o ccu p a tio n a l a c tiv it ie s .
to  c a lc u la te , from re c o rd s  o f time s p e n t each  day  on a c tiv itie s  an d  
m easu rem en ts  o f th e  e n e rg y  co st o f each  a c t iv i ty , th e  m ean an d  
s ta n d a rd  d ev ia tio n  fo r each  in d iv id u a l a n d  fo r each  g ro u p  o f 
s e v e n  d ay  e n e rg y  e x p e n d itu re .
To c a lcu la te  from sev en  d ay  re c o rd s  o f w eighed  food in ta k e  an d  
o f  p la te  w a s te , th e  m eans an d  s ta n d a rd  d ev ia tio n s  fo r each  
in d iv id u a l an d  fo r  each  g ro u p  o f th e  in ta k e  o f e n e rg y ,  p ro te in ,  
fa t ,  c a r b o h y d r a te , calcium  an d  iro n .
to  d e r iv e ,  from th e  p rim a ry  s e t o f m e asu re m en ts , a s e c o n d a ry  se t 
o f  v a r ia b le s  re la t in g  e n e rg y  in ta k e  to  w eigh t an d  to  n u tr ie n t
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in ta k e ,  e n e rg y  e x p e n d itu re  to  w e ig h t, a n d  e n e rg y  in ta k e  to  
e n e rg y  e x p e n d i tu re .
to  u se  a p p ro p r ia te  s ta t is tic a l  te c h n iq u e s  to  q u a n tify  some re la tio n ­
s h ip s  b e tw een  a g e , o ccu p a tio n , e n e rg y  in ta k e  an d  e x p e n d itu re  
a n d  in ta k e  o f p ro te in ,  calcium  an d  iro n .
to  d e s c r ib e  d if fe re n c e s  be tw een  g ro u p s  in  th e  d is tr ib u tio n  o f time 
a n d  e n e rg y  e x p e n d e d  in  th e i r  r e p o r te d  ra n g e  o f da ily  a c t iv it ie s .
A s u b s id ia ry  aim o f th is  th e s is  is  to  rev iew  th e  f in d in g s  o f th e  r e s e a rc h  
in  th e  l ig h t  o f c u r r e n t  n u tr i t io n a l c o n c e p ts , m ost im p o r ta n tly , th e  
c o n c e p ts  d ev e lo p ed  in  th e  FAO/W HO/UNU, (1985) E x p e r t C o n su lta tio n  




C h a p te r  5 
METHODS
5 .1  I n t r o d u c t io n . T he aim o f th e  r e s e a r c h  fo r  w hich  th e  follow ing 
m e th o d s w ere  u s e d  w as to  p ro v id e  d e ta ile d  re lia b le  in fo rm ation  on th e  
food in ta k e  an d  e n e rg y  e x p e n d i tu re  o f  sm all g ro u p s  o f h e a l th y , f r e e -  
liv in g  S c o ttish  men an d  women w hose o ccu p a tio n a l an d  n o n -o ccu p a tio n a l 
a c tiv it ie s  w ere  r e p r e s e n ta t iv e  o f some o f th e  norm al p a t te r n s  of w ork  
a n d  le is u re  o f th e i r  age  g ro u p  in  th e  p o p u la tio n .
T he  g ro u p s  to  b e  s tu d ie d  w ere se le c te d  on th e  b a s is  o f a g e , s e x ,
lev e l o f e n e rg y  e x p e n d itu re  e x p e c te d  from  d e s c r ip tio n  o f o ccu p a tio n  and  
w h e th e r  o r  n o t th e y  liv ed  a lo n e .
A t th e  tim e th e y  w ere m ade, th e  s tu d ie s  r e p o r te d  h e re  w ere r e f e r ­
r e d  to  a s  " s tu d ie s  o f th e  e ld e r ly " .  T he age  g ro u p , 55-65 y e a r s ,  was
th e n  loosely  d e fin e d  as " e ld e r ly " . In  r e c e n t  y e a r s , th e  te rm  h as  b een  
m ore c o n s is te n tly  ap p lied  to  th e  65-75 y e a r  ag e  g ro u p . Since th e  
m ajo rity  o f o u r  su b je c ts  w ere ag ed  50-65 y e a r s  th e y  h av e  b een  d e ­
s c r ib e d  h e re  as b e in g  in  " la te  m iddle a g e " .
F ive g ro u p s  of women co m p ris in g  78 in d iv id u a ls  an d  e ig h t g ro u p s  
o f men co m p ris in g  93 in d iv id u a ls  w ere  r e c r u i te d  an d  s tu d ie d  fo r a 
p e r io d  o f fiv e  to  s e v e n  d ay s  d u r in g  th e  y e a r s  1959-1965.
T he m ethods u s e d  to  a s s e s s  th e  to ta l  da ily  e n e rg y  e x p e n d itu re  was 
th e  fa c to r ia l m eth o d , w hich is  also know n as th e  a c tiv ity  d ia ry  and  
re s p iro m e te r  m ethod . T he m ethod u s e d  to  a s s e s s  to ta l da ily  e n e rg y  and  
n u t r ie n t  in ta k e  was th e  w eighed  in d iv id u a l in v e n to ry  m ethod .
A fu ll d e sc r ip tio n  o f th e  m ethods o f se lec tio n  an d  re c ru itm e n t of 
th e  s u b je c ts ,  o f a sse ssm e n t o f e n e rg y  e x p e n d itu re  an d  e n e rg y  an d  
n u t r ie n t  in ta k e ,  to g e th e r  w ith  a rev iew  o f th e  lim ita tions an d  e r r o r s  o f 
th e  m ethods is  g iv e n  in  th is  C h a p te r .
5 .2  C om position o f re s e a rc h  te a m . T he n u m b er an d  d iv e rs i ty  o f th e  
ta s k s  in v o lv ed  in  p la n n in g  an d  e x e c u tin g  th e  s tu d ie s  an d  in  an a ly z in g  
an d  in te r p r e t in g  th e  f in d in g s  re q u ire d  a la rg e  r e s e a rc h  team . The 
o rig in a l m em bers o f th e  team  w ere J .V .G .A .  D u rn in , p h y s io lo g is t and
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D ire c to r  o f  th e  u n i t ,  J .M . B ro ck w ay , p h y s io lo g is t ,  E .C . T ay lo r (n ee  
B la k e ) , d ie t i t ia n , a n d  two la b o ra to ry  te c h n ic ia n s .  In  th e  te x t  o f th e  
m e th o d s s e c tio n , th e  f i r s t  th r e e  m em bers a re  r e f e r r e d  to  as J .V .D . ,  
J .M .B . ,  a n d  E .C .T .  With th e  h e lp  o f tw elve  s tu d e n t  d ie ti t ia n s ,  th is  
r e s e a r c h  team  s tu d ie d  a g ro u p  o f h o usew ives  an d  th e i r  a d u lt d a u g h te r s  
[D u rn in , B lake an d  B ro ck w ay , 1957(a) an d  ( b ) ] .  D u rin g  th e  s tu d ie s  
r e p o r te d  h e re  th r e e  d ie tit ia n s  in  a d d itio n  to  E .C .T .  w ere  em ployed . 
When th e y  f i r s t  jo ined  th e  g ro u p , th e  d ie tit ia n s  w ere re s p o n s ib le  fo r 
th e  food in ta k e  p a r t  of th e  s u rv e y  o n ly . As th e y  g a in ed  sk ill an d  
e x p e r ie n c e  th e y  also  c a r r ie d  ou t th e  fie ld  w ork  o f th e  e n e rg y  e x p e n d i­
tu r e  s tu d ie s .  T ra in in g  of new m em bers o f th e  d ie te tic  team  took  p lace  
fa ir ly  f r e q u e n t ly .  Q uality  co n tro l of d a ta  co llec tion  was e n s u re d  as fa r  
as  p o ss ib le  b y  close s u p e rv is io n  an d  t r a in in g  fo r a t le a s t one s u rv e y .  
All m em bers o f th e  r e s e a rc h  g ro u p  h ad  to  b e  aw are  o f , a n tic ip a te  an d  
h a v e  a p la n  to  minimize th e  lim itations an d  e r r o r s  o f th e  m ethods u s e d . 
T h ey  r e q u ir e d  th e  ab ility  to  form good re la tio n sh ip s  w ith  th e  s u b je c ts ,  
to  b e  n o n -ju d g e m e n ta l an d  to  be  n o n -c r it ic a l o f u n fam ilia r l i fe s ty le s .  
T h ey  h a d  to  b e  cap ab le  of im p a rtin g  know ledge an d  sk ills  an d  o f g iv in g  
th e  s u b je c ts  co n fid en ce  in  th e  v a lu e  o f th e  s tu d y  an d  in  th e i r  ab ility  to  
do w hat w as a sk e d  of th em . T h ey  w ere also  r e q u ir e d  to  s u p e rv is e  th e  
s u b je c ts  c lo se ly  an d  to  ga in  an  u n d e r s ta n d in g  o f th e i r  way o f life . 
T h is  e n a b le d  them  to  d e te c t p o ssib le  e r r o r s  an d  om issions in  th e  r e c ­
o r d s ,  to  jog  m em ories e f fe c tiv e ly  ab o u t a c tiv it ie s  o r  food in ta k e  and  deal 
w ith  d iff ic u ltie s  o r  m isu n d e rs ta n d in g s . Good re la t io n s h ip s ,  co o p era tio n  
an d  com m unication be tw een  m em bers o f th e  s u rv e y  team  w ere also v e ry  
im p o r ta n t .
5 .3  S elec tion  o f g ro u p s  an d  re c ru itm e n t o f s u b je c t s . F iv e  g ro u p s  of 
women a n d  e ig h t g ro u p s  o f men w ere se le c te d  fo r s tu d y .  T he s tu d y  
g ro u p  n u m b e r an d  th e  c r ite r io n  fo r  se lec tio n  an d  re c ru itm e n t a p p e a r  in  
T ab le  5 .1 .  A s ta t is t ic a l  an a ly sis  id e n tif ic a tio n  n u m b er is  also  g iv e n . 
T h is  id e n tif ie s  each  g ro u p  in  th e  p r in t - o u t  of o rig in a l d a ta  in  A pp en d ix  
1( a ) .
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5 .3 .1  Women. G roup 1 w as se le c te d  p rim a rily  as p a r t  o f an  in v e s t ig a ­
tio n  o f th e  food in ta k e  o f e ld e r ly  women who liv e d  alone made b y  th e  
M in is try  o f A g r ic u ltu re ,  F ish e r ie s  a n d  Food. N ational Food S u rv e y  
re c o rd s  h ad  show n th a t  a su sp ic io u s ly  h ig h  in ta k e  o f e n e rg y  from food 
h a d  b e e n  re c o rd e d  fo r women o v e r  55 y e a rs  of age who liv ed  alone and  
who took  p a r t  in  th e  N ational Food S u rv e y  ( N .F .S . )  in  1953 an d  1954. 
T he s ite  o f th e  s tu d y  was P a is le y , a la rg e  tow n ab o u t sev en  miles from 
G lasgow . Two g ro u p s  o f h o u sew iv es  w ere  s tu d ie d , one in  M arch an d  
th e  o th e r  in  N ovem ber 1958. T h ese  g ro u p s  w ere  th e  on ly  ones ran d o m ­
ly  s e le c te d . T he se lec tio n  p ro c e s s  w as d e s ig n e d  to  make i t  com parable  
w ith  th a t  u se d  b y  th e  N ational Food S u rv e y . A random  sam ple o f 
women ag ed  60 to  69 was d raw n  b y  b lo ck s  from  th e  r e g is te r s  of p a t ie n ts  
k e p t a t th e  local E x ec u tiv e  C ouncil o ffices  in  P a is ley  o f th e  N ational 
H ealth  S e rv ic e . T he l is t  o f nam es ta k e n  b y  th is  m eans was th e n  
ch ec k ed  a g a in s t th e  e lec to ra l ro ll in  a p re lim in a ry  a ttem p t to  elim inate 
women who d id  no t a p p e a r  to  b e  liv in g  a lo n e . In  th e  M arch s u r v e y ,  a 
le t te r  was th e n  s e n t to  th e  family d o c to rs  o f th e  su b je c ts  s e le c te d . A 
s h o r t  e x p lan a tio n  was in c lu d e d  o f th e  p u rp o s e s  o f th e  s tu d y  and  each  
d o c to r was a sk ed  to  g e t in  to u c h  w ith  th e  p a t ie n t  an d  e s ta b lish  w h e th e r  
sh e  m ight be w illing to  ta k e  p a r t  in  su c h  an  in v e s t ig a tio n . A le t te r  
w as s im u ltan eo u sly  se n t o u t to  each  o f th e  su b je c ts  d e sc r ib in g  th e  
g e n e ra l re a so n s  fo r th e  s tu d y .  T he fam ily d o c to rs  r e tu r n e d  th e  nam es 
o f th o se  p a t ie n ts  who w ere p ro v is io n a lly  w illing to  c o o p e ra te . T h ese  
women w ere v is ite d  b y  J .V .D . an d  E . C .T . ,  who ex p la in ed  e x a c tly  w hat 
th e  s u rv e y  w ould in v o lv e . If  co n se n t was o b ta in e d , a rra n g e m e n ts  w ere 
m ade to  b e g in  th e  s tu d y .
In  th e  N ovem ber s u rv e y ,  th e  su b je c ts  w ere ap p ro ac h ed  d ire c tly  
w ith o u t th e  in te rv e n tio n  o f th e  fam ily d o c to rs  w ho, i t  was th o u g h t ,  
m igh t in tro d u c e  b ia s  b y  in f lu e n c in g  th e  su b je c t in  h e r  d ec is io n . L e t­
t e r s  w ere  s e n t to  th i r ty - e ig h t  su b je c ts  ch o sen  in  th e  same way as fo r 
th e  M arch s u rv e y  an d  th e y  w ere v is ite d  w ith in  a few d ay s  to  ex p la in  
th e  s tu d y  an d  o b ta in  th e ir  c o n se n t. T en  women w ere s tu d ie d  in  M arch 
a n d  se v e n  in  N ovem ber, 1958.
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T he su b je c ts  in  G roup 2 h a d  all v o lu n te e re d  to  ta k e  p a r t  in  
s tu d ie s  o f food in ta k e  a n d  e n e rg y  e x p e n d i tu r e ,  w hich  w ere  b e in g  
p la n n e d  b y  J .V .D .  T h ey  re s p o n d e d  to  an  ap p ea l fo r women ag ed  f if ty  
a n d  o v e r ,  w hich  accom panied  a n e w sp a p e r  a r tic le  on th e  r e s u l t s  of 
p re v io u s  s tu d ie s  o f  m id d le -ag e d  h o u sew iv es  an d  o f  women who liv ed  
a lo n e . T h ese  v o lu n te e rs  w ere  m ore r e p r e s e n ta t iv e  o f th e i r  age  g ro u p  
th a n  G roup 1 who liv ed  a lo n e , in  th a t  th e  m a jo rity  liv ed  w ith  fam ilies o f 
v a r ie d  s iz e . T he p r in c ip a l aims o f th e  m easu rem en ts  made on th is  an d  
s u b s e q u e n t g ro u p s  w as to  exam ine th e  re la tio n s h ip s  b e tw een  a g e , 
o c cu p a tio n  a n d  e n e rg y  re q u ire m e n ts  of h e a l th y  women an d  men ag ed  50 
y e a r s  a n d  o v e r  an d  to  d e s c r ib e  an d  com pare th e  p a t te r n s  o f a c tiv ity  
c h a ra c te r is in g  th e  g ro u p s .  All th e  women o f G roup 2 liv ed  in  th e  
G lasgow a re a .  E ach  p o te n tia l  su b je c t w as c o n ta c te d  b y  le t te r  a f te r  h e r  
in itia l te le p h o n e  call o r  l e t te r  to  u s .  She was th e n  v is ite d  a t home to 
ex p la in  th e  s tu d y  an d  to  g ive  h e r  th e  o p p o r tu n i ty  to  w ithd raw  o r 
c o n s e n t .  T he women w ere s tu d ie d  in  tw o g ro u p s ,  n in e  ta k in g  p a r t  in  
th e  s tu d y  in  F e b ru a ry  an d  th e  o th e r  tw elv e  in  S ep te m b er, 1959.
T he women in  G roup 3 w ere  em ployed  b y  S in g e rs , a sew ing  
m achine fa c to ry  in  C ly d e b a n k , n e a r  G lasgow . T h ey  w ere em ployed in  
a ssem b lin g , p a c k in g  an d  f in ish in g  sew ing  m ach in es . T h ey  an d  G roup 4 
w ere  se le c te d  to  r e p r e s e n t  m id d le -ag ed  an d  " e ld e rly "  (d e fin e d  a t th a t  
tim e as  55-65 y e a r s )  women w o rk in g  in  a v a r ie ty  o f o ccu p a tio n s  in  l ig h t 
in d u s t r y .  T he m ajo rity  o f th e i r  o ccu p a tio n a l a c tiv itie s  w ere e x p e c te d  to  
fa ll in  th e  ra n g e  o f lig h t a c tiv ity  (< 3 .5  k ca l/m in /5 5  k g  woman) [T ab le
5 .2 ,  a n d  D u rn in  & P assm o re , 1967]. T he d e ta ils  of th e  s tu d y  w ere 
ex p la in e d  to  p o te n tia l su b je c ts  e i th e r  a t w ork  o r  a t home and  th e ir  
co n se n t th e n  s o u g h t.  T he s u rv e y  was m ade in  A u g u s t ,  1964.
T he women in  G roup 4 w ere em ployed b y  B e a ttie s  an d  B ilsland  
B a k e ry  in  G lasgow . T h e ir  age  was sim ilar to  th a t  o f th e  women in  th e  
S in g e r  F a c to ry . R ec ru itm en t was a r r a n g e d  th ro u g h  m anagem en t, 
p e rs o n n e l an d  u n io n s  an d  a re c ru itm e n t m eeting  was h e ld . All p o te n tia l 
s u b je c ts  w ere  la te r  in te rv ie w e d  a t w ork  o r  a t hom e. T he g ro u p  was 
s tu d ie d  in  J a n u a r y ,  1965.
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T he fo u r  o ld e r  h o usew ives  co m p ris in g  G roup 5 w ere d raw n  from 
G roup  2 v o lu n te e r s ,  who w ere no t u s e d  fo r  th a t  s tu d y .  T h ey  took  p a r t  
in  a  s tu d y  o f in v e s t ig a to r  v a r ia b ili ty  an d  i t s  e f fe c t on th e  r e s u l t s  o f th e  
in d iv id u a l w eighed  in v e n to ry  m ethod o f a s s e s s in g  food in ta k e  (D u rn in , 
J .V .G .A .  a n d  E .C . B lake , 1962). T h ey  h av e  b e e n  in c lu d e d  fo r 
com parison  b e c a u se  th e y  w ere an  o ld e r g ro u p  an d  th e i r  food in ta k e  o v e r 
a p e r io d  o f e ig h t d a y s  was v e ry  c a re fu lly  m o n ito red .
5 .3 .2  M en. T he men o f G roups 6 an d  14 w ere  w o rk in g  fa rm e rs  from 
th e  C r ie ff  a re a  o f P e r th s ir e .  T h e ir  fa rm s in c lu d e d  a la rg e  h ill sh eep  
farm  a n d  a ra b le  farm s of 100 to  400 a c re s .  T he g ro u p  was se le c te d  an d  
s tu d ie d  d u r in g  a b u s y  seaso n  b eca u se  m any a c tiv itie s  in v o lv ed  in  
fa rm in g  w ere  e x p e c te d  to  r e q u ir e  h e a v y  p h y s ic a l e f fo r t  in  th e  ra n g e  of 
7 .5 -9 .9  k ca l/m in /6 5  k g  man an d  some in  th e  v e ry  h e a v y  ra n g e  o f 1 0 .0 -
12 .4  k e a l/m in /6 5 k g  m an. [T ab le  5 .3  and  C h r is te n se n  (1 9 5 3 )] . I t was 
also  e x p e c te d  th a t  th e  to ta l daily  e n e rg y  e x p e n d itu re  o f th e  fa rm e rs
w ould e x ce ed  th a t  o f o th e r  g ro u p s  of men who h ad  b een  p re v io u s ly
s tu d ie d  (a  d e sc r ip t io n  of th e se  g ro u p s  fo llow s).
All th e  men w ere s tu d ie d  d u r in g  an d  im m ediately a f te r  th e  h a rv e s t  
in  1965. G roup 6 is  made up  of tw en ty -tw o  fa rm e rs  in  th e  50-65 age 
r a n g e  a n d  G roup 14 o f five fa rm e rs  who w ere o v e r  65 y e a rs  o f a g e .
G ro u p s 7 an d  8 , s te e l w o rk e rs  an d  b u ild in g  w o rk e rs , w ere se lec ted  
b e c a u se  th e i r  o ccu p a tio n s  in v o lv ed  p e r io d s  of h a rd  p h y s ic a l la b o u r
d u r in g  w hich  th e i r  e n e rg y  e x p e n d itu re  was e x p e c te d  to  fall in to  th e
m o d e ra te -h e a v y  w ork  c la ss ifica tio n  o f 5 .0 -9 .9  k ca l/m in /6 5 k g  man
(C h r is te n s e n ,  1953 an d  T able 5 .3 ) .  T he s te e l w o rk e rs  w ere r e c ru i te d
b y  c o n ta c tin g  a m anagem ent r e p re s e n ta t iv e  of S te w a rts  an d  L lo y d s, a 
s te e l a n d  tu b e  w orks in  M ossend, L a n a rk sh ire  b y  l e t t e r ,  b y  te lep h o n e  
a n d  p e rs o n a lly .  He a g re e d  to  co o p era te  in  a s tu d y  an d  th ro u g h  th e  
P e rso n n e l D ep artm en t gave u s  th e  nam es o f a g ro u p  o f men ag ed  f if ty  
a n d  o v e r  w hose w ork  fell in to  th e  r e q u e s te d  c a te g o ry . A m eeting  was 
s e t up  to  ex p la in  th e  s tu d y  in  d e ta il to  th e  m en, to  m anagem ent an d  to  
u n io n  o ffic ia ls . T hose who v o lu n te e re d  w ere g iv en  more d e ta ils  an d
a rra n g e m e n ts  made to  v is it  w ives an d  o th e r  family m em bers w hose
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ag ree m en t an d  co o p era tio n  w ould b e  n e c e s s a ry .  All th e  v o lu n te e rs  w ere 
f i r s t - h a n d  m e lte rs . T h ey  w ere  an  e lite  g ro u p  o f m en , each  o f whom 
w as in  c h a rg e  o f a b la s t - fu rn a c e  an d  th e  crew  w hich  se rv ic e d  i t  d u r in g  
an  e ig h t-h o u r  s h if t .
T he b u ild in g  w o rk e rs  w ere em ployed b y  Glasgow C o rp o ra tio n  and  
w o rk ed  on a la rg e  h o u s in g  s ite  in  th e  c i ty .  T he nam es o f men who 
w ere  e lig ib le  fo r th e  s u rv e y  w ere  o b ta in e d  from th e  C o rp o ra tio n  P e rs o n ­
n e l D ep a rtm en t an d  a re c ru itm e n t m eeting  w as a r r a n g e d  a t th e  w o rk s ite . 
F u r th e r  e x p la n a tio n  an d  home v is i ts  w ere a r r a n g e d  w ith  th e  v o lu n te e rs .  
Men o f  th is  g ro u p  w ere p lu m b e rs , e le c t r ic ia n s , p l a s t e r e r s , jo in e r s , a 
s c a ffo ld e r  an d  a ’’h e a v y  s q u a d ” la b o re r .  Nine s te e l w o rk e rs  w ere
s tu d ie d  in  M arch , 1959, an d  n in e  b u ild in g  w o rk e rs  in  O c to b e r , 1961.
T he men in  G roups 9 an d  10 w ere em ployed b y  S in g e rs  sew ing  
m achine fa c to ry  in  m aking m achine p a r t s  an d  b y  B r it is h  L ey lan d ’s 
A lbion M otor W orks in  Glasgow in  m aking  p a r t s  fo r  an d  assem bling  
m otor lo r r ie s .  T h ey  w ere se le c te d  b e c a u se  th e i r  w ork  d id  no t invo lve  
m uch p h y s ic a l la b o u r  an d  m ost of th e i r  a c tiv it ie s  w ere  e x p e c te d  to  b e  in  
th e  l ig h t to  m odera te  a c tiv ity  c a te g o ry  o f 2 .0 -7 .4  k ca l/m in /6 5  k g  m en, 
(T ab le  5 .3 ) .  T he in itia l co n tac t was made w ith  th e  p erm issio n  of
m anagem ent an d  u n io n s . V o lu n tee rs  ag ed  50 y e a rs  an d  o v e r  w ere 
so lic ite d , one o r s e v e ra l re c ru itm e n t m eetings s e t up  and  a rra n g e m e n ts  
m ade to  do home v is i t in g . The o ccu p a tio n s  r e p r e s e n te d  in c lu d e d  
f i t t e r s ,  t u r n e r s ,  s e t t e r s ,  m a c h in is ts , d r i l le r s ,  wood w o rk e rs , an d
p a in te r s .  Tw elve w o rk e rs  from S in g e rs  w ere s tu d ie d  in  O c to b e r, 1960
a n d  tw elve  from  A lbion M otors in  A p ril, 1960.
Men in  G roups 11 an d  12 w ere em ployed b y  Glasgow C o rp o ra tio n  
T ra n s p o r t  D ep artm en t an d  Glasgow C o rp o ra tio n  B u ild in g  D ep artm en t 
r e s p e c t iv e ly .  Men in  ex ec u tiv e  p o s itio n s  an d  in  c le rica l p o s itio n s  w ere 
se le c te d  b e c a u se  th e  m ajority  of th e ir  o ccu p a tio n a l a c tiv it ie s  w ere e x ­
p e c te d  to  b e  in  th e  s e d e n ta ry  to  lig h t c a te g o ry  o f a c tiv ity  o f 2.0  -  
4 .9  k c a l/m in /6 5 k g  m a n ), (T ab le  5 .3 ) .  T he p ro c e d u re  fo r c o n ta c tin g  
th e  men w as th e  same as in  th e  o th e r  g ro u p s . The e x e c u tiv e s  w ere 
b a se d  in  th e  main o ffices in  th e  c e n tre  of Glasgow while th e  c le rica l 
w o rk e rs  h ad  te m p o ra ry  o ffices a t th e  same b u ild in g  s ite  as G roup 8 .
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T en  e x e c u tiv e s  w ere  s tu d ie d  in  May, 1961. T h ey  w ere m ainly h e a d s  o f 
v a r io u s  d e p a r tm e n ts .  Nine c le r ica l w o rk e rs  w ere  s tu d ie d  in  O c to b e r, 
1961. T h e y  w ere  em ployed as tim e k e e p e rs  an d  c le rk s .
G roup  13 , th e  r e t i r e d  men who liv ed  alone w ere  c o n ta c te d  th ro u g h  
th e  G lasgow  B ra n c h  o f th e  Old P eo p le 's  A sso c ia tio n . T he s tu d y  was 
ex p la in e d  a t tw o m eetings of local b ra n c h e s  an d  men of 65 an d  o v e r  who 
liv e d  alone w ere a sk e d  to  v o lu n te e r . T h is  o ld e r  g ro u p  was r e c ru i te d  to  
fu r n is h  u s  w ith  some d a ta  on th e  e n e rg y  re q u ire m e n ts  o f r e t i r e d  men of 
o v e r  65 y e a r s  fo r com parison  w ith  o u r  s tu d ie s  o f em ployed m id d le -ag ed  
m en. Men who liv ed  alone w ere th o u g h t to  be  a t r i s k  o f n u tr i t io n a l 
d e f ic ie n c y . Nine r e t i r e d  men w ere s tu d ie d  in  M arch , 1961.
F ive fa rm e rs  o v e r 65 y e a rs  of age made up  G roup 15 . T h ey  w ere 
s tu d ie d  a t th e  same time an d  in  th e  same a re a  as th e  m id d le -ag ed  
fa rm e rs  o f G roup 6 .
5 .3 .3  R ec ru itm e n t an d  com pliance in c e n t iv e . No paym en t o r in c e n tiv e  
w as o f fe re d  to  th e  s u b je c ts .  Each p a r t ic ip a n t  re c e iv e d  a p e rso n a l le t te r  
a t th e  b e g in n in g  o f th e  s tu d y  a sk in g  fo r h is  o r  h e r  co o p era tio n  an d  a 
l e t te r  o f th a n k s  a t th e  e n d . T h ese  w ere on U n iv e rs ity  o f Glasgow 
s ta t io n e ry  an d  s ig n e d  b y  P ro fe s so r  J .V .G .A . D u rn in . T h ey  w ere o ften  
m uch p r iz e d  an d  show n w ith  p r id e  to  f r ie n d s  an d  n e ig h b o rs  b eca u se  o f 
th e  h ig h  esteem  in  w hich th e  U n iv e rs ity  was h e ld . E v e ry  e f fo r t was 
m ade to  im p ress  upon  th e  su b je c ts  th a t  th e y  w ere p a r t  o f a v e ry  
im p o rta n t r e s e a rc h  p ro je c t w ith  im plications fa r  b ey o n d  Glasgow and  
th a t  th e i r  co o p era tio n  was e s s e n tia l to  i t s  su c c e ss fu l outcom e. It was 
also  m ade c le a r  to  them  th a t  th e y  h ad  th e  fu ll s u p p o r t  o f  th e  
m an ag em en t, th e  un ion  an d  th e ir  p e e rs  a t w o rk . T he ab so lu te  
co n fid e n tia lity  o f th e  d a ta  o b ta in ed  from them  was also s t r e s s e d .  T h is 
w as p a r t ic u la r ly  im p o rta n t a t th e  w o rk site  w here  a c t iv ity  re c o rd s  m ight 
re v e a l u n o ffic ia l " b re a k s"  an d  a t home w here  consum ption  of alcohol was
a c o n fid e n tia l m a tte r .
O ne fa c to r  w hich  lim ited th e  nu m b er o f su b je c ts  who cou ld  be 
s tu d ie d  w as th e  av a ilab ility  o f t r a n s p o r t .  T he fie ld  w o rk e rs  h ad  on ly
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one v a n  a t th e i r  d isp o sa l. T ra v e l b y  p u b lic  t r a n s p o r t  w as v e ry  tim e 
co n su m in g .
5 .4  M easurem ent o f e n e rg y  e x p e n d i tu r e . T he a sse ssm e n t o f th e  to ta l 
d a ily  e n e rg y  e x p e n d itu re  was m ade b y  th e  fa c to r ia l m e th o d , w hich  is  
also  know n as  th e  a c tiv ity  d ia ry  an d  re s p iro m e te r  m eth o d . T he 
s u b je c ts  com pleted  a d a ily  a c tiv ity  d ia ry  an d  th e  m etabolic c o s ts  o f 
sp ec if ic  a c t iv it ie s  w ere  m e asu red  b y  in d ir e c t  c a lo rim e try  w ith  th e  Max 
P lan ck  o r  K o frany i/M ichaelis  (K .M .) re s p iro m e te r  (K o fran y i an d  
M ichaelis , 1940, M uller an d  F ra n z , 1952). T he n u m b er o f m in u tes  s p e n t 
in  each  a c t iv ity  was th e n  m ultip lied  b y  th e  e n e rg y  c o s t o f th a t  a c tiv ity  
a n d  th e  to ta ls  sum m ed to  g ive  to ta l  da ily  e n e rg y  e x p e n d i tu re .
5 .4 .1  A c tiv ity  d ia r y . Each su b je c t re c o rd e d  h is  o r  h e r  a c tiv it ie s  d u r ­
in g  tw e n ty - fo u r  h o u rs  o f th e  d ay  fo r five  to  se v e n  d ay s  in c lu d in g  th e  
w eek en d . T he re c o rd s  w ere  made on da ily  d ia ry  c a rd s  w hich  w ere 
sim ilar to  th o se  d e sc r ib e d  b y  G a rry , e t a l . ,  (1955) an d  h ad  b een  u se d  
b y  th e  p r in c ip a l in v e s t ig a to rs  in c lu d in g  E .C .T .  in  a p re v io u s  s tu d y  
(D u rn in , e t a l . ,  1957). E ach c a rd  was a m inu te b y  m inute re c o rd  o f all 
a c t iv it ie s  d u r in g  24 h o u rs .  A sym bol, fo r exam ple "S T ” fo r s ta n d in g , 
was e n te re d  a t th e  tim e each  d if fe re n t a c tiv ity  was b e g u n . T he c a rd s  
w ere ea s ily  fo lded  in  c o n c e r tin a  fa sh io n  an d  f i t te d  com fortab ly  in to  a 
p o c k e t o r  h a n d b a g . On th e  d ay  b e fo re  th e  a c tiv ity  re c o rd  b e g a n  each  
s u b je c t was g iv en  two d ia ry  c a rd s  an d  was c a re fu lly  in s t r u c te d  in  th e  
u se  o f th e  sym bo ls. He o r she  was a sk e d  to  fill in  th e  c a rd  as each  
new  a c t iv ity  was b e g u n , to  tim e th e  a c tiv it ie s  a c c u ra te ly  an d  to  make 
u p  sym bols i f  n e c e s s a ry .  All su b je c ts  w ere u rg e d  to  h av e  th e  d ia ry  
w ith  them  a t all tim es an d  to  m ain tain  th e ir  u su a l p a t te r n  o f a c t iv ity .  
T he fie ld  s ta f f  made i t  as c le a r  as p o ssib le  th a t  th e y  w ould accom m odate 
to  th e  s u b je c ts ' a c tiv it ie s  an d  v is it  a t th e ir  co n v en ien ce . T he d ia rie s  
w ere  c h e c k e d  da ily  b y  th e  d ie tit ia n  a s s ig n e d  to  th e  su b je c t o r  b y  
J .V .D .  o r  J .M .B . a t w ork  o r a t hom e. E r ro rs  an d  om issions w ere 
re c t if ie d  an d  d iff ic u ltie s  an d  m isu n d e rs ta n d in g s  re s o lv e d . T he s u b je c ts  
w ere  o b s e rv e d  d u r in g  th e i r  daily  w ork  an d  le is u re  a c tiv it ie s  to  gain  
some know ledge  o f th e  norm al p a t te r n  o f th e se  a c tiv it ie s  an d  th e ir
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v a r ia b i l i ty .  S e v e ra l m easu rem en ts  w ere m ade o f each  im p o rta n t a c t iv ity  
to  allow fo r  th is  v a r ia b il i ty .  Men in  th e  sew ing  m achine fa c to ry  w ere 
o b s e rv e d  fo r  tw o d a y s  w ith o u t th e i r  know ledge  a n d  th e  a c tiv ity  re c o rd s  
o b ta in e d  w ere  com pared  to  th e i r  own d ia ry  r e c o rd s .  M em bers o f th e  
team  w ere  alw ays p r e s e n t  a t th e  w o rk s ite  to  o b se rv e  th e  ty p e  an d  
d u ra tio n  o f  th e  a c tiv itie s  of th e  s u b je c ts .
5 .4 .2  M easu rem en ts  b y  in d ire c t  c a lo r im e try . T he e n e rg y  e x p e n d itu re  o f 
th e  in d iv id u a l su b je c ts  in  th e i r  p r in c ip a l a c tiv itie s  ( s i t t in g ,  s ta n d in g , 
w a lk in g , a c tiv it ie s  a t w ork  an d  h o u sew o rk ) a n d  s ig n if ic a n t le isu re  
p u r s u i t s  w as m e asu re d  b y  in d ire c t  ca lo rim e try  u s in g  th e  K .M . r e s p ir o ­
m e te r . Two o r  th r e e  m easu rem en ts  w ere m ade o f each  a c tiv ity  a t 
d if fe re n t  tim es of th e  d ay  o r  on d if fe re n t d a y s . T h e re  was a " r u n - in ” 
p e r io d  o f a t le a s t five  m inu tes o r as long  as was n e c e s s a ry  fo r th e  
su b je c t to  becom e accustom ed  to  th e  a p p a ra tu s .  R e s p ira to ry  volum e was 
th e n  m e asu re d  fo r ab o u t 10 m inu tes an d  a liq u o t sam ples o f e x p ire d  a ir  
c o lle c te d . T he w ork  p e rfo rm e d  d u r in g  th e  m easu rem en ts  was as n e a r ly  
r e p r e s e n ta t iv e  o f norm al (o b se rv e d )  p e rfo rm a n ce  as cou ld  b e  a r r a n g e d .  
C are  w as ta k e n  to  e n s u re  th a t  th e  su b je c t was com fortab le  an d  no t 
r e s t r i c te d  in  m ovem ent b y  th e  re s p iro m e te r . For some s i t t in g  a c tiv it ie s  
th e  "K .M ."  was s e t on a ta b le  b e s id e  th e  s u b je c t .  I f  th e re  was th e  
p o s s ib ili ty  o f th e  m achine s lid in g  up  w hen th e  su b je c t b e n t o v e r ,  an  
e x t r a  s t r a p  was tie d  a c ro s s  th e  c h e s t .  E stim ates o f th e  e n e rg y  e x p e n d ­
ed  in  a c t iv it ie s  w hich cou ld  no t b e  m easu red  w ere m ade b y  J .V .D .  
b a s e d  on  th e  s u b je c t’s w e ig h t, know ledge o f th e  m anner o f th e i r  
p a r t ic u la r  a c t iv ity  an d  o f th e  o th e r  m easu rem en ts  o f th e ir  e n e rg y  
o u tp u t .  T he  e n e rg y  e x p e n d itu re  d u r in g  sleep  was ta k e n  to  be  
e q u iv a le n t to  th e  b a sa l m etabolism  es tim ated  from F le isc h ’s (1951) ta b le s  
a s  recom m ended b y  P assm ore and  D u rn in  (1955), an d  u se d  in  s tu d ie s  of 
y o u n g  male s tu d e n ts  (D u rn in  and  B ro ck w ay , 1959) an d  o f m id d le -ag ed  
an d  y o u n g  women (D u rn in , e t a l . ,  1957).
5 .4 .3  C ollection  an d  an a ly s is  o f sam ples o f e x p ire d  a i r . Sam ples o f 
e x p ire d  a ir  o b ta in e d  while th e  su b je c ts  w ere w earin g  th e  K .M .
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re s p iro m e te r  w ere  co llec ted  in  b u ty l - r u b b e r  b la d d e rs  a n d  s to re d  in  
c a n i s t e r s ,  w hich  also  co n ta in ed  e x p ire d  a i r ,  to  minimise d iffu s io n  o f 
g a se s  a c ro s s  th e  r u b b e r .  T he b la d d e rs  w ere  th e n  t r a n s p o r te d  as 
q u ic k ly  as  p o ss ib le  (30 m inu tes to  2 h o u rs  d e p e n d in g  on th e  n u m b er o f 
m e asu re m en ts  b e in g  m ade) to  th e  la b o ra to ry . T he o x y g en  p r e s e n t  in  
th e  sam ples was m easu red  b y  m eans o f a B eckm an E .2  p a ram ag n e tic  
o x y g e n  a n a ly z e r .  C arbon  d iox ide was m e asu red  b y  a G odart in f r a - r e d  
a n a ly z e r .  From th e  r e s u l t s  o f  th e se  a n a ly se s , th e  e n e rg y  co s t o f each  
a c t iv ity  w as ca lcu la ted  u s in g  th e  form ula d ev e lo p ed  b y  Weir (1949). 
T h is  w as b a se d  on h is  f in d in g  th a t  w ith  a 10 p e rc e n t in ta k e  o f p ro te in  
th e  e n e rg y  v a lu e  o f each  li tre  of e x p ire d  a ir  was o n e - tw e n tie th  o f th e  
d if fe re n c e  b e tw een  th e  p e rc e n ta g e  o x y g en  c o n c e n tra tio n s  o f th e  in s p ire d  
an d  e x p ire d  a i r .
5 .4 .4  M ain tenance an d  ca lib ra tio n  o f th e  in s t r u m e n ts . D u rn in  an d  
B rockw ay  (1959) s ta te d  th a t  i t  was no t su ff ic ie n tly  rea lized  th a t  Max 
P lan ck  (K .M .) re sp iro m e te rs  cou ld  be  u se d  s a tis fa c to r ily  on ly  i f  th e y  
w ere re g u la r ly  s e rv ic e d  an d  c a lib ra te d . T he m ethods u se d  fo r c a l ib ra ­
tio n  an d  m ain tenance  hav e  b een  d e sc r ib e d  fu lly  in  th e ir  p a p e r  an d  w ere 
u s e d  in  th e s e  s tu d ie s .  All new m em bers o f th e  team w ere in s t ru c te d  in  
th e  im p o rtan ce  of th e re  p ro c e d u re s .  T he main p o in ts  of th e  m a in ten ­
an ce  sc h e d u le  w ere th a t  th e  pum p an d  c o u n te r  be  re g u la r ly  in s p e c te d  
an d  o iled , th a t  m o istu re  sh o u ld  be  r e g u la r ly  d ra in e d  from in s id e  th e  
bellow s an d  th a t  in sp e c tio n  fo r co rro s io n  sh o u ld  be done a f te r  p ro lo n g e d  
u s e .  I t w as found  th a t  th e  ca lib ra tio n  su p p lie d  b y  th e  m akers was 
n e v e r  a c c u ra te  an d  an in g e n io u s  m ethod o f re -c a l ib ra t io n  was d e v ise d  
b y  D u rn in  an d  B rockw ay . T h is  re s u lte d  in  a ca lib ra tio n  c h a r t  of 
c o r re c tio n  fa c to rs  to  be u se d  a t volum es o f flow ra n g in g  from 5-60 l i t r e s  
p e r  m inu te  fo r  each  re sp iro m e te r . The B eckm an an d  G odart a n a ly z e rs  
w ere  f re q u e n t ly  ch ec k ed  u s in g  d u p lica te  sam ples of a know n gas 
m ix tu re  w ith  th e  H aldane g a s -a n a ly z e r  as th e  s ta n d a rd .  Gas an a ly sis  
an d  c a lib ra tio n  o f th e  in s tru m e n ts  was c a r r ie d  o u t p r in c ip a lly  b y  J .M .B . 
a n d  tw o v e ry  e x p e rie n c e d  la b o ra to ry  te c h n ic ia n s .
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5 .4 .5  A ccep ted  lim ita tions an d  ra tio n a le  fo r  u se  o f th e  m ethod . T he
o b je c tiv e  o f th e  m ethod  was to  p ro v id e  an  a sse ssm e n t o f th e  to ta l 
e n e rg y  e x p e n d e d  d u r in g  a  2 4 -h o u r d ay  b y  in d iv id u a l s u b je c ts  o v e r  a 
p e r io d  o f s e v e ra l d a y s  d u r in g  w hich e n e rg y  in ta k e  w as also  b e in g  
m e a su re d . B o th  m easu rem en ts  ( i . e . ,  e n e rg y  in ta k e  an d  e n e rg y  
e x p e n d i tu re )  w ere c o n s id e re d  in  m aking  th e  d ec ision  on how m any d ay s  
w ould b e  r e q u ir e d  to  o b ta in  a good es tim ate  o f e n e rg y  r e q u ir e m e n ts , to  
f in d  th e  d e g re e  o f ag reem en t b e tw een  th e  tw o m ethods an d  to  m axim ise 
su b je c t com pliance. D u rn in  (1957) h a d  show n q u ite  la rg e  d if fe re n c e s  
(o f te n  20-30% o f th e  to ta ls )  b e tw een  e n e rg y  in ta k e  an d  e n e rg y  e x p e n d i­
tu r e  o f an  in d iv id u a l on an y  one d a y . T he r e s u l t s  o f b o th  m easu rem en ts  
cou ld  h a v e  b e e n  c o r r e c t ,  b u t  th e re  was no way o f f in d in g  " th e  t r u t h " .  
E dholm , e t a l . , (1955) h ad  found  th a t  th e  e n e rg y  in ta k e  d id  no t seem 
to  b e  r e la te d  to  th e  e n e rg y  e x p e n d itu re  o f th e  p re v io u s  day  o r  th a t  of 
tw o d a y s  p re v io u s ly . T h ese  f in d in g s  in d ic a te d  th a t  fo r a su b je c t who 
w as a ssu m ed  to  b e  in  e n e rg y  b a la n c e , re g u la tio n  o f th e  b a lan ce  d id  no t 
ta k e  p lace  w ith in  a p e r io d  as sh o r t  as th r e e  d a y s . D u rn in  (1959) 
c o n c lu d ed  th a t  "o v e r a p e r io d  of a w eek o r lo n g e r , i t  is  lik e ly  th a t  th e  
norm al h e a lth y  man liv in g  a s te a d y  ro u tin e  life is  in  app ro x im ate  
ca lo rie  b a la n c e " . F or g ro u p s , e r r o r s  in  b o th  m easu rem en ts  a re  lik e ly  
to  b e  random  an d  i t  was rea so n ab le  to  assum e th a t  ta k e n  to g e th e r  th e y  
w ould  alm ost c e r ta in ly  p ro v id e  a good es tim ate  of th e  e n e rg y  
re q u ire m e n ts  o f th e  g ro u p  d u r in g  th e  w eek o f s tu d y .  A lth o u g h  a 
m easu rem en t p e r io d  of lo n g e r th a n  se v e n  d ay s  o r a re p e a t s tu d y  of th e  
sam e g ro u p  w ould h av e  g iv en  m ore a s s u ra n c e  th a t  a m easu re  of t r u e  
e n e rg y  n e e d s  w as b e in g  o b ta in e d , a se v e n  d ay  s tu d y  ach iev ed  th e  
b a lan ce  o f d e s ira b ili ty  and  fea s ib ility  n e c e s s a ry  in  su c h  an in te n s iv e  
ty p e  o f s tu d y .
O p p o r tu n ity  fo r e r r o r  was p r e s e n t  am ongst s u b je c ts ,  o b s e rv e r s  
(f ie ld  s t a f f ) ,  la b o ra to ry  s ta f f  an d  in  th e  in s tru m e n ts  u s e d .  S ev era l 
s tu d ie s ,  w hich  th o ro u g h ly  te s te d  all a sp e c ts  of th e  te c h n iq u e s  u s e d ,  
a n a ly z e d  p o ss ib le  so u rc e s  of e r r o r ,  e s ta b lish e d  m ethods fo r ca lib ra tio n  
o f  th e  re s p iro m e te rs  an d  e n s u re d  re liab le  gas a n a ly s is  h ad  b een  c a r r ie d  
o u t (D u rn in  a n d  M ikulicic, 1956; D u rn in  an d  E d w ard s , 1955; D u rn in
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an d  N am yslow ski, 1958 an d  D u rn in  an d  B ro ck w ay , 1959). F ield  s tu d ie s  
u s in g  th e  te c h n iq u e s  h ad  b een  made on men (G a r ry ,  e t a l . ,  1955); an d  
women (D u rn in , e t a l . , 1957). S o u rces  o f e r r o r  h ad  b een  id e n tif ie d  
a n d  th e  m ethod a l te re d  to  minimize th em . T y p es  o f su b je c t e r r o r  
a n tic ip a te d  in c lu d e d  fa ilu re s  in  re c o rd in g  th e  d u ra tio n  o f a c tiv it ie s  
a c c u r a te ly , in  d e fin in g  a c tiv it ie s  an d  in  b e h a v in g  ,,no rm ally n while 
e n e rg y  e x p e n d itu re  was b e in g  m e asu re d .
T h e re  was also  th e  p o ss ib ili ty  o f unknow n  ch an g e  in  p a t te r n  o f 
a c t iv ity  occasio n ed  b y  th e  s tu d y .  A c r it ic a l  co n ce rn  o f D u rn in  an d  
B rockw ay  (1959) w as w h e th e r  m easu rem en ts  of th e  e n e rg y  co st of an  
a c tiv ity  m ade d u r in g  sh o r t  p e rio d  of time w ere r e p re s e n ta t iv e  of th e  
e n e rg y  e x p e n d e d  d u r in g  m any h o u rs  o f th e  same a c t iv i ty .  T h ey  
c o n s e rv a tiv e ly  es tim a ted  th e  a c tu a l e r r o r  of th e  m ethod to  b e  a t le a s t 5 
p e r c e n t .  T h is  was co n s id e re d  to  be  acc ep tab le  fo r  th e  p u rp o s e s  o f th e  
s tu d y .  T he v a lid ity  o f th e  m ethod was u n c e r ta in  b e c a u se  th e re  was no 
m ethod o f know n a c c u ra c y  a g a in s t w hich to  s ta n d a rd iz e  i t .  An estim ate  
o f th e  am ount of d iffe re n c e  w hich could  be  e x p e c te d  b e tw een  m e asu re ­
m en ts of e n e rg y  in ta k e  an d  e x p e n d itu re  was made while th e  s tu d ie s  
w ere in  p ro g re s s  an d  u s in g  d a ta  from one o f them  and  from p re v io u s  
s tu d ie s .  D ata from se v e n ty  e ig h t men an d  women w ere an a ly zed  b y  
D u rn in  an d  B rockw ay (1959). T hey  fo u n d  co n s id e ra b le  d isc re p a n c y  
b e tw een  th e  m ethods (r= .069  fo r all su b je c ts  com b in ed ). T he a u th o rs  
co n c lu d ed  " I t  is  a moot p o in t a t p r e s e n t  w hich is  th e  most a c c u ra te  
d e te rm in a tio n . T he c o n s id e ra b le  size o f th e  d iffe re n c e  sho u ld  be  k e p t 
c o n s ta n t ly  in  m in d " . P rev io u s  ex p e rie n c e  s u g g e s te d  th a t  w ith  c a re fu l 
in s t r u c t io n ,  su p e rv is io n  and  c h e c k in g , th e  a c t iv ity  d ia ry  was an  a c c u ­
r a te  (v a lid )  re c o rd  o f 2 4 -h o u r a c tiv it ie s . S im ilarly th e  a c c u ra c y  of th e  
m e asu rem en ts  o f th e  e n e rg y  co st o f each  a c tiv ity  was ach iev ed  b y  
m e ticu lous a t te n tio n  to  m ain tenance an d  ca lib ra tio n  o f th e  re s p iro m e te rs ,  
sk illed  fie ld  s ta f f  to  make th e  m easu rem en ts  an d  sk illed  la b o ra to ry  s ta f f  
to  do th e  a n a ly s is . H ow ever, th e re  was no c e r ta in ty  th a t  a c c u ra te  
2 4 -h o u r  re c o rd s  of a c tiv ity  fo r sev en  d ay s  o f th e  y e a r  would p re d ic t  
a c t iv it ie s  d u r in g  an y  o th e r  sev en  day  p e rio d  n o r w h e th e r se v e ra l sh o r t
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m easu rem en ts  o f  each  a c tiv ity  w ere r e p re s e n ta t iv e  o f th e  e n e rg y  co s t 
o v e r  th e  to ta l  d u ra tio n  o f th e  a c tiv ity  d u r in g  th e  w eek .
I t w as th o u g h t lik e ly  th a t  s u b je c ts  in  th e  50 y e a rs  an d  o v e r  age 
g ro u p s  w ould h av e  a re la tiv e ly  o rd e re d  an d  p re d ic ta b le  p a t te r n  o f 
a c t iv i ty ,  th u s  in c re a s in g  th e  re lia b il ity  ( re p e a ta b il i ty )  o f th e  
m e asu re m en t. T he m ethod was ju d g e d  to  be  a re a so n a b le  w ay of
m eeting  th e  o b je c tiv e  o f th e  e n e rg y  e x p e n d itu re  p a r t  o f th e  s tu d y  as 
lo n g  as th e  in v e s t ig a to rs  gave  c o n s ta n t a t te n tio n  to  d e ta il , a p p re c ia te d  
th e  lim ita tio n s  o f th e  m e thod , an d  w ere  a le r t  to  th e  a re a s  in  w hich 
e r r o r  w as lik e ly  to  a r is e .
5 .5  M easurem en t o f food in ta k e .
5 .5 .1  W eighed in d iv id u a l in v e n to ry  m ethod T he food in ta k e  of all th e  
su b je c ts  w as m e asu re d  b y  th e  w eighed  in d iv id u a l in v e n to ry  m ethod 
d e s c r ib e d  a n d  u s e d  b y  W iddowson (1936 ), G a rry  e t a l . , (1955) an d  
D u rn in  e t  a l . , (1957). In  th is  m ethod th e  food p re p a re d  o r cooked  b y  
th e  s u b je c t is  w eighed  im m ediately b e fo re  consum ption  an d  p la te  w aste 
is  w eig h ed  an d  s u b tr a c te d  a t th e  en d  o f th e  m eal. E n e rg y  an d  n u tr ie n t  
in ta k e  is  c a lc u la te d  u s in g  ta b le s  of food com position .
On th e  d ay  b e fo re  th e  s u rv e y  was due  to  b e g in  a d ie tit ia n  v is ite d  
th e  su b je c t a t hom e. She ex p la in ed  to  him o r h e r  o r th e  re la tiv e  who 
w ould b e  re sp o n s ib le  fo r th e  food re c o rd  how to  u se  th e  ba lan ce  to
w eigh  foods an d  th e  m ethod o f e n te r in g  w e ig h ts  in  th e  log  book . Each
d ie tit ia n  u s e d  a s ta n d a rd  sh e e t of in s tru c tio n s  to  minimize e r r o r  due  to  
in c o n s is te n t  o r  incom plete in s tru c t io n .  T he logbook h ad  e ig h t 
d e ta c h a b le  p a g e s  fo r  re c o rd in g  th e  location  an d  tim es o f m eals an d  th e  
ty p e  a n d  q u a n ti ty  o f food e a te n . The p a g e s  w ere p r in te d  in  su c h  a 
w ay th a t  code n u m b e rs , w hich c o rre sp o n d e d  to  in d iv id u a l item s in  th e  
co m p u te rise d  ta b le s  o f food an a ly s is  cou ld  be  e n te re d  o p p o site  each  
food . S u b jec ts  w ere a sk e d  to  w eigh each  food s e p a r a te ly , to  d e sc r ib e
com posite d ish e s  an d  to  no te  th e  in g re d ie n ts  o f re c ip e s .  D up licate
sam ples o f foods e a te n  aw ay from home w ere la te r  b o u g h t an d  w eighed  
b y  th e  d ie ti t ia n . A small no tebook  was p ro v id e d  to re c o rd  foods e a te n  
o u ts id e  o f th e  home to g e th e r  w ith a sh e e t of sim ple in s tru c tio n s  fo r
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r e fe re n c e .  C a n te e n -b o u g h t meals w ere  w eighed  b y  a d ie ti t ia n . Some 
s u b je c ts  took  th e i r  s p r in g  b a lan ces  w ith  them  w hen th e y  w ent v is i t in g .  
T he b a la n c e , w hich  was re g u la r ly  c a l ib ra te d , was a S a lte r  s p r in g  
b a lan ce  w eig h in g  to  32 o u n ces  in  l / 8th  o u nce  g ra d a t io n s .  To avoid
c o n fu s io n , th e  accom pany ing  gram  sca le  was o b li te ra te d . T he su b je c ts  
also  re c e iv e d  two fla t p la s tic  p la te s  to  u se  as scale  p a n s ,  th re e  o r fo u r 
c o v e re d  p la s t ic  c o n ta in e rs  fo r b u t t e r  o r m a rg a r in e , s u g a r ,  jam and
m arm alade an d  tw o p la s tic  m e asu rin g  ju g s ,  one o f c lea r  p la s t ic  fo r
m e a su rin g  a n d  s to r in g  milk an d  one o f o p aq u e  p la s t ic  fo r w eigh ing
flu id s  su c h  as  so u p . T he in d iv id u a l p o ts  w ere f i r s t  w eighed  w ith  th e  
lid s  on an d  th e n  filled  w ith  b u t t e r ,  e tc .  W eights o f th e  em pty  scale
p a n ,  p o ts ,  lid s  an d  ju g s  w ere re c o rd e d  in  th e  s u b je c ts ' log b o o k s . The
s u b je c ts  w ere  a sk e d  to  w eigh th e  p o ts  each  d ay  a t th e  same tim e,
p re f e r a b ly  la s t  th in g  a t n ig h t an d  re f il l  them  i f  n e c e s s a ry .  Some
s u b je c ts  p r e f e r r e d  to  leave th is  ta s k  to  th e  d ie tit ia n  on h e r  daily  v is i t .  
I t was s t r e s s e d  th a t  th e  p o ts  w ere fo r th e  ex c lu s iv e  u se  of th e  su b je c t .  
B eer an d  o th e r  alcoholic d r in k s  w ere re c o rd e d  in  p in ts  o r f lu id  o u n c e s .
D u rin g  th e  da ily  v i s i t , th e  d ie tit ia n  ch eck ed  th e  food re c o rd  fo r 
th e  p re v io u s  24 h o u r s ,  e n q u ire d  ab o u t p la te  w astage  an d  o b ta in ed  any  
f u r th e r  d e ta ils  of cooking  m ethods and  in g re d ie n ts  n e c e s s a ry  to  a ss ig n  
th e  food c o d e s , w hich most c losely  c o rre sp o n d e d  to  th e  foods consum ed . 
E ach d ie tit ia n  coded  th e  food re c o rd s  of " h e r"  su b je c ts .
It was co n tin u a lly  im p ressed  on th e  su b je c ts  th a t  an y  ch an g e  in  
th e i r  e a tin g  h a b its  w ould a d v e rs e ly  a ffec t th e  whole s tu d y . S u b jec ts  
w ere  n o t a sk e d  to  b eg in  th e  food re c o rd  and  th e  a c tiv ity  re c o rd  on th e
same d ay  i f  th e y  w ere re sp o n s ib le  fo r b o th . When th e  food in ta k e  h ad
b e e n  re c o rd e d  fo r one day  and  th e  su b je c t was com fortab le  w ith  th e
te c h n iq u e ,  th e  a c tiv ity  d ia ry  was b e g u n . Where a re la tiv e  re c o rd e d  th e
food in t a k e , th e  a c t iv ity  re c o rd  was b e g u n  on th e  same d a y .
5 .5 .2 .  L im itations and  e r r o r s  of th e  m ethod and  ra tio n a le  fo r u s in g  i t .  
T he o b je c tiv e  o f th e  m ethod was to  p ro v id e  an  a sse ssm en t o f th e  to ta l 
in ta k e  o f e n e rg y ,  p ro te in ,  f a t ,  c a rb o h y d ra te ,  calcium  an d  iro n  of 
in d iv id u a l su b je c ts  o v e r  a p e rio d  of time d u r in g  w hich an  a sse ssm en t of
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th e i r  to ta l e n e rg y  e x p e n d itu re  was a lso  b e in g  m ade. T he m ajor 
o b je c tiv e  o f th e  s tu d ie s  w as to d e te rm in e  th e  e n e rg y  re q u ire m e n ts  of 
men a n d  women o f f if ty  y e a r s  an d  o v e r .  I t w as a c c e p te d  th a t  th e  
e n e rg y  v a lu e  o f th e  food in ta k e  gav e  some m easu re  o f th e  a c tu a l e n e rg y  
re q u ire m e n t a lth o u g h  D u rn in  an d  B rockw ay  (1959) cau tio n ed  th a t  "a t 
th e  p r e s e n t  tim e we a re  r a th e r  a p t to  ig n o re  th e  e r r o r s  in h e re n t  in  
d ie ta ry  s u rv e y s  an d  to  a cc ep t u n c r it ic a lly  th e  d e te rm in a tio n  of e n e rg y  
in ta k e  as a s ta n d a rd  o f re fe re n c e  fo r  d e te rm in a tio n s  o f e n e rg y  
e x p e n d i tu r e ."  T he s im u ltaneous a sse ssm e n t o f e n e rg y  e x p e n d itu re  in  
th e  m a jo rity  o f o u r  s tu d ie s  made i t  p o ss ib le  to  t e s t  th e  d e g re e  of 
ag ree m en t b e tw een  th e  m e a su re s , w hile b e a r in g  in  m ind th e  lim ita tions 
o f th e  e n e rg y  e x p e n d itu re  m e asu re m en ts . B ecause  an  a sse ssm e n t of 
c u r r e n t  food in ta k e  was r e q u ir e d ,  th e  m ethod  of choice h ad  to  be  one 
w hich  w ould e n s u re  th a t  th e  su b je c t w ould co o p e ra te  fu lly  in  p ro v id in g  
a c c u ra te  in fo rm a tio n . T he p re c ise  w eigh ing  m eth o d , w here  a liq u o t 
sam ples o f each  food a re  a n a ly se d , w as n o t feas ib le  b eca u se  o f th e  
dem ands p la c e d  on th e  su b je c t b y  th e  e n e rg y  e x p e n d itu re  p a r t  o f th e  
s tu d y .  T he  b e s t  a l te rn a t iv e  was th e  in d iv id u a l w eighed  in v e n to ry  
m ethod  in  w hich  all th e  p r in c ip a l in v e s t ig a to rs  h ad  p re v io u s  e x p e rie n c e  
a n d  w hich  w as c o n s id e re d  th e  b e s t  availab le  te c h n iq u e  fo r fie ld  s tu d ie s  
o f sm all n u m b e rs . In te rv iew  m ethods, su c h  as a 7 -d a y  re c a ll o f d ie ta ry  
in ta k e  o r  m enu re c o rd in g  w here  foods a re  no t w eig h ed , w ere no t 
c o n s id e re d . T he choice o f sev en  d ay s  as th e  s tu d y  p e r io d  h a s  b een  
d is c u s s e d  in  th e  sec tio n  in  m easurem en t of e n e rg y  e x p e n d itu re .  The 
p e r io d  h a d  b een  u se d  in  se v e ra l p re v io u s  s tu d ie s  an d  h ad  p ro v e d  to  be  
w e ll- to le ra te d  b y  th e  s u b je c ts .  At th e  time w hen o u r  s tu d ie s  w ere 
b e in g  p la n n e d  an d  e x e c u te d  th e re  a lre a d y  e x is te d  an  e x te n s iv e  
l i te r a tu r e  on  com parisons of d ie ta ry  s u rv e y  m ethodology . B e c k e r , In d ik  
a n d  B eeuw kes (1960) in  th e i r  rev iew  "D ie ta ry  In ta k e  M ethodologies" 
c ite d  250 re fe re n c e s  w hich a d d re s s e d  th e  m any lim ita tions an d  e r r o r s  o f 
th e  m eth o d . Y oung an d  T ru lso n  (1960) co n s id e re d  " th e  re lia b ility  o r 
e r r o r  v a r ia tio n  in  co llec tin g  an d  p ro c e s s in g  d ie ta ry  d a ta"  an d  th e  
v a lid ity  o f th e  m easu rem en t. T hey  co n cluded  th a t  th e  p rim a ry  p roblem  
w as to  e v a lu a te  how a c c u ra te ly  an y  m ethod o f co llec tin g  in fo rm ation
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m e asu re s  d ie ta ry  in ta k e  w hen b ia se s  in tro d u c e d  b y  re s p o n d e n t e r r o r ,  
o b s e r v e r  e r r o r  an d  in s tru m e n t e r r o r  a re  p r e s e n t  to  v a ry in g  an d  
u n m e a su ra b le  d e g re e s .  T h ey  e x p re s s e d  th e  co n c e rn  o f m any in v e s t ig a ­
to r s  th a t  th e  d a ta  co llec ted  fo r  a s h o r t  p e r io d  o f  tim e, no m a tte r  how 
a c c u ra te ly  m e a su re d , may n o t be  re p re s e n ta t iv e  o f th e  c h a ra c te r is t ic  
d ie t o f an  in d iv id u a l o v e r  a lo n g e r  p e r io d  of tim e. The e r r o r  o f th e  
m ethod  w as , an d  i s ,  d iff ic u lt to  es tim ate  b u t w ith  co o p e ra tiv e  s u b je c ts ,  
e x p e r ie n c e d  an d  aw are d ie ti t ia n s ,  li ttle  a l te ra t io n  in  norm al e a tin g  h a b its  
in d u c e d  b y  th e  s tu d y  an d  c a re fu l u se  o f th e  b e s t  food com position 
ta b le s  a v a ila b le , i t  was assum ed  to  be  n o t more th a n  5-10  p e r c e n t .  
T h is  le v e l o f e r r o r  was co n s id e re d  accep tab le  in  m eeting  th e  o b je c tiv e s  
o f  th e  e n e rg y  in ta k e  p a r t  o f th e  s tu d y .
5 .6  M easurem ent o f h e ig h t an d  w e ig h t. S u b jec ts  w ere w eighed  an d
m e asu re d  once d u r in g  th e  c o u rse  o f th e  s tu d y  u s in g  s ta n d a rd  p r e s s u r e
sc a le s . T h ey  w ere w eighed  in  lig h t in d o o r c lo th in g  w ithou t sh o es  u s in g
a p o r ta b le  m e tre  s t ic k .  An a v e ra g e  w eigh t fo r in d o o r c lo th es  (w ith o u t
sh o e s )  o f 2 .2  k g  fo r men an d  1.5  k g  fo r women was s u b tr a c te d  from
th e  m e a su re d  w e ig h ts  in  ca lcu la tin g  th e  Q uete le t in d e x  o r  B ody Mass
2
In d e x  (BMI) [w eigh t w ithou t c lo thes  an d  s h o e s /h e ig h t:  W (kg)/H  (M)]
(K e y s , F id a n z a , K arv o n en , K im ura an d  T a y lo r , 1972; B ingham , McNeil 
a n d  C um m ings, 1 9 8 1 ;).
Some an th ro p o m etric  m easu rem en ts  w ere made on th e  fa rm e rs  an d  
female fa c to ry  w o rk e r s , b u t  th e se  h av e  no t b een  in c lu d e d  in  th is  
a n a ly s i s .
5.7  A n a ly s is  o f d a t a . Two s e ts  o f f in d in g s  fo r  in d iv id u a l su b je c ts  
form ed th e  d a ta  b a se  w hich was u se d  to  exam ine th e  spec ific  h y p o th e se s  
an d  to  a d d re s s  th e  re s e a rc h  q u e s tio n s . T hese  w ere o b ta in ed  from th e  
da ily  a c t iv i ty  d ia rie s  o f th e  m ajority  o f th e  su b je c ts  and  th e  r e s u l t s  o f 
th e  a n a ly s is  o f th e  s e v e n —day  food in ta k e  re c o rd s  o f all th e  s u b je c t s .
5 .7 .1  D aily act iv i ty  d ia r ie s . T h ese  lis te d  th e  m inu tes s p e n t each  day  in  
each  a c tiv ity  to g e th e r  w ith th e  m easu red  o r es tim ated  e n e rg y  ex p en d e d
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p e r  m inu te  in  each  a c t iv ity .  E s tim ates  o f th e  e n e rg y  co s t of some 
a c tiv it ie s  m ade b y  th e  se n io r  in v e s t ig a to r  w ere  b a s e d  on p re v io u s  
m e asu re m en ts  an d  w ere  u s u a lly  sca led  a c c o rd in g  to  w e ig h t.
T he e n e rg y  co s t o f each  a c tiv ity  p e r  m inu te  was m ultip lied  b y  th e  
n u m b e r o f m in u tes  s p e n t on i t  each  d a y  to  g iv e  th e  to ta l daily  e n e rg y  
c o s t o f eac h  a c t iv ity .  The to ta l e n e rg y  e x p e n d i tu re  each  d ay  was th e  
sum  of all th e  a c t iv i t ie s .  T he m ean o f th e  e n e rg y  e x p e n d itu re  fo r each  
s u b je c t o v e r  th e  se v e n  d a y s  o f m easu rem en t w as o b ta in e d . Some o f 
th e s e  ca lc u la tio n s  h ad  b een  made p re v io u s ly , b u t  all w ere re c a lc u la te d  
b y  th e  a u th o r  to  e n s u re  com plete c o n s is te n c y . T he m ean e n e rg y
e x p e n d i tu re  in  k ilo ca lo ries  p e r  d ay  fo r each  in d iv id u a l was u se d  in  th e  
s ta t is t ic a l  a n a ly s is  w hich  is  d e s c r ib e d  la te r .  T he tim e in  m inu tes an d  
th e  e n e rg y  in  k ilo ca lo ries  s p e n t p e r  w eek b y  in d iv id u a ls  in  each  a c tiv ity  
w ere  sum m ed an d  a m ean da ily  v a lu e  o b ta in e d  fo r each  g ro u p .
T h ese  d a ta  w ere u se d  to  c a lcu la te  th e  p e rc e n ta g e  o f time and  
e n e rg y  s p e n t  in  each  a c tiv ity  b y  each  g ro u p  p e r  w eek . T h ey  w ere also 
re g ro u p e d  in to  c a te g o rie s  c o n s is te n t w ith  th o se  u s e d  in  th e  r e p o r t  o f 
th e  FAO/WHO/UNU (1985) E x p e r t C o n su lta tio n  on E n e rg y  an d  P ro te in  
R eq u irem en ts  an d  m ean daily  v a lu e s  o f th e  time in  m in u tes , e n e rg y  in  
k ilo ca lo ries  an d  th e  p e rc e n ta g e s  o f da ily  tim e an d  e n e rg y  c a lc u la te d . 
T h ese  c a te g o r ie s  a re  f u r th e r  d e sc r ib e d  in  re la tio n  to  th e  r e s u l t s  in  
sec tio n  6 .4 .  H istog ram s o f th e  time an d  e n e rg y  p ro f ile s  o f th e se  
c a te g o r ie s  to g e th e r  w ith  th o se  o f in d iv id u a l a c tiv it ie s  w ere made u s in g  
th e  M acintosh C h a rtp a c k  p ro g ra m .
To a d d re s s  th e  s u b s id ia ry  aim o f th e  th e s is ,  w hich is  to  rev iew  
th e  f in d in g s  in  th e  lig h t o f c u r r e n t  n u tr i t io n a l c o n c e p ts , f u r th e r  
a n a ly s is  o f th e  d a ta  was made b a se d  on c o n c e p ts  d ev e lo p ed  in  th e  
FAO/WHO/UNU C o n su lta tio n  r e p o r t .  T h ese  a n a ly se s  a p p e a r  in  th e  
D iscu ssio n  se c tio n .
T he p re d ic tio n  eq u a tio n s  p ro p o se d  b y  th e  C o n su lta tio n , nam ely
11.6  W + 879 fo r in d iv id u a l men ag ed  30-60 a n d  13.5 W + 487 fo r men o f 
o v e r  60 y e a r s  an d  8 .7  W + 829 fo r in d iv id u a l women ag ed  30-60 an d
10.5 W + 596 fo r women o f o v e r  60 y e a r s ,  w ere u se d  to  o b ta in  th e  BMR 
o f  each  s u b je c t .
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F a c to rs  fo r to ta l  e n e rg y  e x p e n d itu re  w ere  d e r iv e d  b y  d iv id in g  th e  
m ean d a ily  e n e rg y  e x p e n d itu re  o f each  in d iv id u a l b y  th e se  BMR v a lu e s . 
M eans an d  s ta n d a rd  d ev ia tio n s  w ere ca lcu la ted  fo r each  g ro u p . F a c to rs  
u s in g  th e  BMR v a lu e s  ca lcu la ted  b y  th e  F le isch  (1951) m ethod w ere also 
com pu ted  fo r  com p ariso n . T he B asal M etabolic R ate of each  su b je c t 
c a lc u la te d  from th e  p re d ic tio n  e q u a t io n s , an d  th e  fa c to rs  fo r to ta l 
e n e rg y  e x p e n d itu re  an d  to ta l e n e rg y  in ta k e  b a se d  on th e se  form 
A p p en d ix  I I I .
T o ta l e n e rg y  e x p e n d itu re  fa c to rs  u s in g  th e  BMR v a lu es  ca lcu la ted  
b y  th e  F le isch  (1951) m ethod w ere also  com puted  fo r com parison .
F a c to rs  fo r  th e  e n e rg y  co s t o f p h y s ic a l a c t iv ity  fo r g ro u p s  d u r in g  
o ccu p a tio n a l an d  n o n -o ccu p a tio n a l tim e w ere d e r iv e d  from th e  ra tio  o f 
th e  m ean e n e rg y  ex p e n d e d  b y  th e  g ro u p  to  th e  mean BMR of th e  g ro u p  
d u r in g  th e s e  p e r io d s  o f tim e.
A lso ca lc u la te d  w ere th e  fra c tio n a l p o r tio n s  o f th e  to ta l e n e rg y  
e x p e n d i tu re  fa c to r  w hich w ere c o n tr ib u te d  b y  o ccu p a tio n a l and  
n o n -o c c u p a tio n a l p h y s ic a l a c t iv ity .
5 .7 .2  Food in ta k e  r e c o r d s . Mean daily  e n e rg y  an d  n u tr ie n t  in ta k e s  fo r 
in d iv id u a ls  an d  g ro u p s  w ere o b ta in ed  from th e  food d a ta  u s in g  
c a lc u la tin g  m achines an d  a s e r ie s  o f p rogram m es developed  fo r th e  
E n g lish  E lec tr ic  KDF 9 com pu ter (D u rn in  an d  W heatcro ft, 1965). The 
food a n a ly s is  program m e was b a se d  on th e  th i r d  ed itio n  of th e  food 
com position  ta b le s  of McCance and  W iddowson (1960). Net e n e rg y  
v a lu e s  o f 4 , 9 and  3.75 w ere a ss ig n e d  to  p ro te in ,  fa t and  c a rb o h y d ra te  
re s p e c t iv e ly .  Calcium an d  iro n  w ere th e  on ly  ad d itio n a l n u tr ie n ts  
s tu d ie d .  C alcu la tion  of th e  v itam in  c o n te n t o f th e  d ie t was no t 
a tte m p te d  as th e  m ethods w ere n o t sp ec ifica lly  d e s ig n e d  fo r su ch  
m e a su re m e n ts . In  th e  lig h t of new d a ta  on th e  v a r ie d  nu m b er of d ay s  
n e c e s s a ry  fo r v a lid  in fo rm ation  on v a r io u s  n u t r ie n ts ,  e sp ec ia lly  
v ita m in s , th is  was a wise decision  (H isto rica l R eview , p ag e  22 ).
T h ese  food ta b le s  in c o rp o ra te d  th e  a v e ra g e  n u tr ie n t  c o n te n t o f 
cooked  item s of food an d  of d ish e s  co n ta in in g  more th a n  one in g re d ie n t 
s u c h  as  p ie s ,  s tew s and  p u d d in g s . S ta n d a rd  re c ip e s  fo r th e se  item s
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w ere in c lu d e d  in  th e  book o f food ta b le s .  T he s u b je c ts ’ own re c ip e s  
w ere  u s e d  w h ere  th e s e  d if fe re d  from th e  food ta b le s .  N u tr ie n t a n a ly se s  
o f  foods w hich  w ere p o p u la r  in  th e  a re a ,  b u t  d id  n o t a p p e a r  in  th e  
ta b le s ,  w ere  o b ta in e d  from th e  m a n u fa c tu re rs  a n d  in c o rp o ra te d  in  th e  
co m p u te r p rog ram m e.
No re a n a ly s is  o f th is  s e t o f d a ta  was u n d e r ta k e n ,  s in ce  th e  
o r ig in a l food re c o rd s  cou ld  n o t b e  fo u n d  an d  i t  was u se d  in  th e  
s ta t is t ic a l  a n a ly s is .
E a r l ie r  c a lcu la tio n s  w hich a p p e a r  in  p a p e rs  p u b lish e d  jo in tly  b y  th e  
a u th o r  a n d  o th e r  m em bers o f th e  re s e a rc h  team w ere made w ith 
c a lc u la tin g  m achines an d  p rogram m es d ev e lo p ed  fo r th e  DEUCE 
co m p u te r . T he same ed itio n  o f th e  food ta b le s  was u s e d . At th a t  time 
no  so ftw are  p ack a g e  fo r food d a ta  an a ly sis  e x is te d . T he p re p a ra t io n  of 
p ro g ram m es fo r DEUCE an d  th e  c h a n g e o v e r to  KDF9 was ex trem ely  time 
consum ing  (T a y lo r , 1970).
T he r e s u l t s  o f th e  e n e rg y  an d  p ro te in  in ta k e  a n a ly se s , in  common 
w ith  th e  p h y s ic a l a c tiv ity  d a ta ,  w ere f u r th e r  a n a ly se d  in  th e  lig h t o f 
th e  c o n c e p ts  d ev eloped  in  th e  FAO/WHO/UNU C o n su lta tio n  r e p o r t .  
F a c to rs  fo r to ta l e n e rg y  in ta k e  w ere d e r iv e d  b y  d iv id in g  th e  mean daily  
e n e rg y  in ta k e  of each  in d iv id u a l b y  th e  BMR v a lu es  o b ta in ed  from th e  
p re d ic tio n  e q u a tio n s . Means an d  s ta n d a rd  d ev ia tio n s  w ere ca lcu la ted  
fo r  eac h  g ro u p . T o tal e n e rg y  in ta k e  fa c to rs  u s in g  th e  BMR v a lu es  
c a lc u la te d  b y  th e  F leisch  (1951) m ethod w ere also com puted  fo r 
co m p ariso n .
G roup  no rm ativ e  e n e rg y  re q u ire m e n ts  w ere d e r iv e d  from BMR at 
d e s ira b le  w eigh t fo r each  g ro u p  m ultip lied  b y  th e  mean g ro u p  to ta l 
e n e rg y  e x p e n d itu re  fa c to r  a t a c tu a l w eig h t.
T he  sa fe  lev e l o f p ro te in  in ta k e  d efin ed  as th e  a v e ra g e  re q u ire m e n t 
p lu s  tw o s ta n d a rd  d ev ia tio n s  was ca lcu la ted  fo r each  g ro u p .
5 .7 .3  S ta t is tic a l a n a ly s is . T hese  an a ly se s  w ere made u s in g  th e  C on tro l 
D ata  C o rp o ra tio n  CYBER com pu ter a t th e  U n iv e rs ity  o f W ash ing ton , 
S e a ttle . T he so ftw are  u se d  was th e  S ta tis tic a l P ackage fo r th e  Social 
S c iences (S P SS ) V ersion  9 (V ogelback C om puting C e n te r , N o rth w e s te rn
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U n iv e rs i ty ,  1984). D ata  was e n te re d  on a M acintosh P lu s  d e sk  top  
co m p u te r  a n d  dow nloaded  to  th e  m ainfram e co m p u te r . F or th e  p u rp o se  
o f s ta t is t ic a l  a n a ly s is ,  g ro u p s  w ere d is tin g u is h e d  b y  o ccu p a tio n , se x  
an d  a g e . T he  o ccu p a tio n a l g ro u p s  w ere  in d e p e n d e n tly  se le c te d  from th e  
S c o ttish  p o p u la tio n . T he se lec tio n  p ro c e s s  also  allow ed fo r au tom atic  
s e p a ra t io n  o f th e  g ro u p s  b y  sex  and  a g e .
In  o r d e r  to  t e s t  th e  h y p o th e s is  th a t  th e re  w ere  d if fe re n c e s  in  
e n e rg y  e x p e n d i tu r e ,  e n e rg y  in ta k e  an d  in ta k e  o f n u tr ie n ts  be tw een  th e  
v a r io u s  g r o u p s ,  M ann-W hitney U te s t s  w ere u s e d .  T he Mann-VVhitney U 
is  a common n o n -p a ra m e tr ic  s ta t is tic a l t e s t  fo r  d if fe re n c e s  in  r a n k  o rd e r  
b e tw ee n  g ro u p s .  B eca u se , in  g e n e ra l,  th e  n u m b e rs  o f su b je c ts  in  th e  
g ro u p s  te n d e d  to  b e  sm all, a ssu m p tio n s  re g a rd in g  th e  sh ap e  o f th e  
d is t r ib u t io n s  cou ld  n o t b e  made p r io r  to  d a ta  a n a ly s is . For exam ple, 
o u tl ie rs  s u c h  as  one o r  two v e ry  h ig h  o r v e ry  low v a lu es  could  a ffec t 
th e  outcom e o f a n a ly s is  b y  in flu e n c in g  th e  m ean v a lu e s  in  a p a ra m e tr ic  
t e s t .
In  o rd e r  to  c o n tro l fo r co n fo u n d in g  o f th e  in d e p e n d e n t v a r ia b le s  of 
o c c u p a tio n , s e x ,  o r  a g e , com parisons w ere on ly  made be tw een  g ro u p s  
w hen  two o f th e  th re e  in d e p e n d e n t v a r ia b le s  w ere he ld  c o n s ta n t .  For 
exam ple , to  com pare e n e rg y  re q u ire m e n ts  b y  a g e , male fa rm e rs  ag ed  
50-65 w ere  com pared  to  male fa rm e rs  ag ed  65 and  o v e r .
F or a n a ly se s  th a t  r e q u ire d  a m easu re  o f th e  d e g re e  of a sso c ia tio n  
am ong v a r ia b le s ,  P ea rso n  P roduct-M om ent c o rre la tio n s  w ere u s e d . The 
P e a rso n  r  a s s e s s e s  in te rc o r re la tio n s  u s in g  an  in te rv a l  scale  o f 
m e asu re m en t, an d  was c o n s id e re d  a p p ro p r ia te  fo r th e  d e p e n d e n t 
v a r ia b le  d a ta .  For exam ple , a P ea rso n  r  was u se d  to  a s s e s s  th e  d e g re e  
o f a sso c ia tio n  be tw een  m easu rem en ts  of e n e rg y  in ta k e  an d  m easu rem en ts 
o f e n e rg y  e x p e n d i tu re .
T he p r im a ry  v a r ia b le s  u se d  in  th e  an a ly s is  w ere:
S tu d y  n u m b e r, su b je c t n u m b e r, a g e , h e ig h t in  c e n tim e tre s , w eigh t 
in  k ilo g ra m s , b o d y  m ass in d e x , mean da ily  p ro te in  in ta k e  in  g ram s, 
m ean d a ily  fa t in ta k e  in  g ram s, mean daily  c a rb o h y d ra te  in ta k e  in  
g ra m s , m ean daily  calcium in ta k e  in  m illigram s, mean daily  iro n  in ta k e  
in  m illig ram s, mean daily  e n e rg y  in ta k e  in  k ilo ca lo rie s , mean daily
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e n e rg y  e x p e n d i tu re  in  k ilo ca lo rie s , an d  B asal M etabolic R ate  ca lcu la ted  
a f te r  F le isch  (1951) in  k iloca lo ries  p e r  m inu te .
T he co m p u te r p r in t - o u t  o f th e  p r im a ry  v a r ia b le s  fo r each  su b je c t 
fo rm s A p p en d ix  1 (a ) .
D e riv ed  v a r ia b le s  com puted  from th e se  w ere  also u se d  in  th e  
a n a ly s is .  T h ese  w ere :
T he ra tio  o f e n e rg y  e x p e n d itu re  to  w e ig h t, th e  ra tio  of e n e rg y  
in ta k e  to  w e ig h t , th e  a v e ra g e  of e n e rg y  e x p e n d itu re  p lu s  e n e rg y  
in ta k e ,  th e  ra tio  o f e n e rg y  e x p e n d itu re  to  F le isch  BMR, e n e rg y  in ta k e  
m inus e n e rg y  e x p e n d i tu re ,  th e  ra tio  o f p ro te in  in ta k e  to  w e ig h t, th e  
r a t io  o f p ro te in  in ta k e  to  e n e rg y  in ta k e  p e r  1000 k ilo ca lo rie s , th e  ra tio  
o f calcium  in ta k e  to  e n e rg y  in ta k e  p e r  1000 k ilo ca lo rie s , th e  ra tio  o f 
iro n  in ta k e  to  e n e rg y  in ta k e  p e r  1000 k ilo ca lo rie s .
T h e  co m p u ter p r in t - o u t  o f th e  d e r iv e d  v a r ia b le s  fo r each  su b je c t 
fo rm s A p p en d ix  1 (b ) .
6 .1  S u b je c ts
CHAPTER 6 
RESULTS
6 .1 .1  R esp o n se  r a t e . Random  se lec tio n  o f s u b je c ts  w as a ttem p ted  in  
o n ly  one g ro u p , ho u sew iv es  who liv ed  a lo n e . T h ese  su b je c ts  w ere
s e le c te d  in  two g ro u p s ,  one in  M arch an d  one in  N ovem ber, as
d e s c r ib e d  in  5 .3 .1 .  Of th e  f i r s t  sam ple o f 34 nam es d ra w n , 13 women 
w ere  u n s u i ta b le ,  e i th e r  b e c a u se  th e y  w ere  n o t in  fa c t liv in g  alone o r 
e lse  b e c a u se  th e y  in te n d e d  to  sp e n d  a la rg e  p a r t  o f th e  w eek aw ay from 
hom e. E leven  w ere  unw illing  to  p a r t ic ip a te ,  so th a t  10 (alm ost 50
p e r c e n t)  c o o p e ra te d . The p o s itiv e  re s p o n s e  from  th e  seco n d  sam ple was 
s im ila r. When th o se  who w ere no t liv in g  alone (3) o r  w ere seldom in  
(7 ) o r  w ere  s e r io u s ly  ill (4) w ere e lim in a ted , th e  p o s itiv e  re sp o n se  was 
ag a in  ab o u t 50 p e r c e n t ,  i . e . ,  13 ou t o f 24. Six o f th e se  women w ere 
n o t s tu d ie d  b y  th e  w eighed  in d iv id u a l in v e n to ry  m ethod an d  th e ir  
r e s u l t s  h av e  n o t b een  r e p o r te d .
6 .1 .2  C om pliance. T he com pliance of all g ro u p s  w ith  th e  s tu d y  
p ro to c o l was e x c e lle n t. T he on ly  g ro u p s  in  w hich few er th a n  se v e n  
d a y s  o f e n e rg y  e x p e n d itu re  w ere re c o rd e d  fo r some su b je c ts  w ere th e  
h o u sew iv es  who liv ed  a lone , of whom th r e e  p ro v id e d  re c o rd s  fo r s ix  
d a y s  an d  th r e e  fo r five  d a y s , an d  th e  e x e c u tiv e s ,  of whom one h ad  a 
h e a r t  a t ta c k  on D ay 6 o f th e  s tu d y .  Each a b b re v ia te d  re c o rd  in c lu d e d  
th e  w eek en d .
A c tiv ity  d ia rie s  w ere k e p t m eticu lously  in  m ost case s  an d  d a ily  
c h e c k in g  a t w ork  an d  a t home e n s u re d  th a t  few la rg e  e r r o r s  w ere m ade. 
T h re e  men who w ere u n sk ille d  la b o u re rs  a t a b u ild in g  s ite  w ere po o r 
s u b je c ts ,  b u t  o u r  p ra c tic e  of daily  v is it in g  b y  a d ie tit ia n  m ade it
p o ss ib le  to  u se  th e ir  r e c o rd s .  D aily v is i ts  of th e  in v e s t ig a to rs  d id  no t 
a p p e a r  to  d is tu rb  th e i r  ro u tin e  in  w ays w hich w ould g re a t ly  a ffec t 
e n e rg y  e x p e n d i tu re .
In d e p e n d e n t re c o rd s  of th e  a c tiv it ie s  of men in  l ig h t in d u s t r y  w ere 
m ade b y  one of th e  in v e s t ig a to rs  unknow n to  th e  s u b je c ts .  While th e
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d u ra tio n  o f each  s h o r t  p e r io d  o f each  a c tiv ity  was n o t alw ays com patib le 
w ith  th e  in d e p e n d e n t r e c o rd ,  th e  to ta l  tim e s p e n t o v e r  th e  w ork in g  
p e r io d  on  each  a c tiv ity  w as n o t s ig n if ic a n tly  d if fe re n t be tw een  th e  
r e c o rd s  o f th e  su b je c ts  a n d  o f th e  o b s e rv e r .  All su b je c ts  w ere ab le to  
accustom  th e m se lv es  to  th e  K-M re s p iro m e te r  d u r in g  v a r io u s  a c tiv it ie s  in  
s p ite  o f in itia l h e s ita tio n .
R e c o rd -k e e p in g  was m ost d iff icu lt fo r men an d  women who liv ed  
alone an d  fo r women. T h ese  g ro u p s ,  u n lik e  men who liv ed  w ith  th e ir  
w iv es , h a d  to  keep  b o th  food in ta k e  r e c o rd s  an d  a c tiv ity  d ia r ie s .  L ittle  
d if f ic u lty  was fo u n d  w ith  th e  te c h n iq u e s  o f w eigh ing  an d  re c o rd in g .
No s u b je c t a p a r t  from th o se  p re v io u s ly  m en tioned  was u n ab le  to 
com plete th e  s tu d y .  It was no t p o ss ib le  to  a s s e s s  a l te ra t io n s  in  food 
p u rc h a s e s  a n d  food in ta k e  ca u se d  b y  th e  s tu d y .
6 .1 .3  Social c la s s ,  h e a lth  an d  liv in g  c o n d itio n s . No a ttem p t was made 
to  se lec t s u b je c ts  b y  social c la s s . T he choice of o ccu p a tio n s  e n s u re d  a 
re a so n a b le  re p re s e n ta tio n  from c la sse s  2 to  5, nam ely from u n sk ille d  
w o rk e r to  h ead  of d e p a rtm e n t w ith in  a c ity  office (o r  th e  w ives of men 
in  su c h  o c c u p a tio n s ) . The m ajority  w ere in  Social C lass 3.
A few p a th o lo g ica l co n d itio n s  w ere d e te c te d  b y  q u e s tio n in g . T h ree  
e ld e r ly  female su b je c ts  h ad  a r th r i t i s ,  one mild T ype  II d ia b e te s , and  
two m inor h e a r t  c o n d itio n s . All w ere w illing and  able to  com plete th e  
s u r v e y .
H ousing  co n d itio n s  v a r ie d  c o n s id e ra b ly  from one-room  f la ts  w ith  
o u ts id e  to ile ts  to  five-room  d e ta c h e d  h o u ses  in  good a re a s .  Tw o- and  
th re e -ro o m  f la ts  an d  h o u s e s , some ow ned an d  some re n te d  from th e  local 
a u th o r i ty ,  w ere m ost common. Homes of fa rm e rs  w ere also v a r ie d . The 
m ajo rity  w ere w e ll-k e p t an d  com fortab le .
T he main dom estic a id s  w ere vacuum  c le a n e rs  an d  e le c tr ic  i ro n s .  A 
few s u b je c ts  h ad  w ash ing  m achines b u t  th e se  h ad  h a n d -o p e ra te d  
w r in g e r s .  T h ere  w ere no d r y e r s ,  d ish w a sh e rs  o r autom atic iro n s .  Few 
h o u seh o ld s  ow ned a r e f r ig e r a to r .  G rass  was c u t b y  h a n d  mow ers in  
u rb a n  a re a s .
105
I f  th e re  w as a c a r  in  th e  h o u se h o ld , i t  w as no t n e c e s sa r i ly  u se d  
ro u tin e ly  fo r  sh o p p in g  o r  g o ing  to  w o rk . O nly th e  fa rm e rs  d ro v e  
r e g u la r ly .
T he n u m b er o f ad d itio n a l peop le  in  th e  h o u seh o ld  also v a r ie d  from 
none  to  a maximum o f th r e e ,  nam ely  h u s b a n d  o r  wife an d  two te e n a g e  
c h i ld r e n .
E x ce p t fo r  one woman in  th e  "o ld e r women" g r o u p , all w ere th e  
male a n d  fem ale h e a d s  of th e i r  h o u se h o ld s . No in fo rm ation  on income 
w as s o u g h t a n d  none was o f fe re d .
T hose  su b je c ts  who w ere no t em ployed re c e iv e d  p e n s io n s , some 
from  fo rm er em p lo y e rs , in  ad d itio n  to  th e  o ld -a g e  p e n s io n .
6 .1 .4 .1  O ccu p a tio n a l an d  n o n -o c c u p a tio n a l a c tiv itie s  of m en . 
O ccu p a tio n a l a c t iv i t ie s . T he c r i te r ia  fo r se lec tio n  o f th e se  g ro u p s  b a se d  
on th e  ty p e  of a c tiv it ie s  a t w ork  a re  g iv e n  in  S ection  5 .3 .  The two 
g ro u p s  o f fa rm e rs , th o se  o f 65 y e a rs  an d  u n d e r  and  th o se  of 66 an d  
o v e r ,  w ere  all w o rk in g  fa rm e rs . T h e ir  farm s in c lu d e d  a la rg e  h ill 
sh e e p  farm  an d  a ra b le  farm s from 100 up  to  400 a c re s .  Two w ere 
p r im a rily  s h e p h e rd s .  T h ey  w ere s tu d ie d  im m ediately a f te r  h a rv e s t  time 
a n d  m any o f th e i r  a c tiv it ie s  re q u ir e d  h e a v y  p h y s ic a l e f fo r t .  T he le as t 
p h y s ic a lly  dem and ing  ta s k s  in c lu d e d  t r a c to r  an d  com bine h a rv e s te r  
d r iv in g .  S ta c k in g  b a les  o f s tra w , fo rk in g  s h e a v e s , sh o v e llin g  an d  
lo a d in g  w ere  tim e-co n su m in g  a c tiv it ie s  a t th a t  tim e of y e a r ,  as w ere 
v a r io u s  ta s k s  a sso c ia te d  w ith  th e  p o ta to  h a r v e s t .  R outine m ain tenance  
a ro u n d  th e  farm  o fte n  in v o lv ed  h eav y  la b o u r an d  su ch  ta s k s  in c lu d e d  
th e  r e p a i r  o f fen ce s  an d  s to n e  d y k e s  an d  d ig g in g . T he c a re  of sh eep  
an d  c a tt le  a lso  in v o lv ed  h e a v y  w ork  an d  w alk ing  o v e r  fie ld s  an d  
h ills id e s  fo r  long  p e r io d s  of time made a la rg e  c o n tr ib u tio n  to  to ta l 
e n e rg y  e x p e n d i tu re .
T he n in e  s te e l w o rk e rs  w ere sa id  to  h av e  one of th e  m ost 
p h y s ic a lly  e n e rg e tic  jobs in  th e i r  s te e l w o rk s . T hey  w ere f i r s t - h a n d  
m e lte r s , i . e . ,  th e y  w ere each  in  c h a rg e  of a b la s t  fu rn a c e  w hich 
sm elted  th e  s te e l ,  an d  th e y  e n s u re d  th a t  th e  fu rn a c e s  w ere k e p t in  a 
good s ta te  of r e p a i r .  T h is  o ccu p a tio n  in v o lv ed  occasional p e r io d s  of
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v e r y  h a r d  p h y s ic a l w ork  sh o v e llin g  la rg e  q u a n t i t ie s  of dolom ite, in  th e  
form  o f g ra v e l ,  in to  th e  fu rn a c e s ,  d u r in g  w hich  th e  men w ere ex p o sed  
to  h ig h  te m p e ra tu re s .  T he to ta l p e r io d  o f th is  h e a v y  la b o u r , h o w ev e r, 
r e p r e s e n te d  le ss  th a n  1 h o u r  p e r  8-h o u r  s h i f t ,  a n d  d u r in g  th e  
in v e s t ig a t io n ,  b e c a u se  o f a te m p o ra ry  re c e ss io n  in  th e  s te e l in d u s t r y ,  
th e  men d id  on ly  fo u r  s h if ts  p e r  w eek.
Two g ro u p s  make up  th e  l ig h t in d u s t r y  g ro u p  o f 24 m en. The 
men w o rk in g  in  th e  fa c to ry  assem b lin g  m otor lo r r ie s  u n d e r to o k  a v a r ie ty  
o f jo b s  s im ilar to  th o se  o f m any in d u s tr ie s  u s in g  th e  c o n v e y o r-b e lt 
sy s te m . T he s u b je c ts  w ere em ployed in  th e  m a n u fa c tu re  o f g ea rb o x e s  
fo r  th e  lo r r ie s  an d  w ere sk illed  o r sem i-sk illed  m echan ics of d if fe r in g  
ty p e s .  T he w ork  w as m ostly  done s ta n d in g  u p  an d  d id  no t invo lve  
m uch h a rd  p h y s ic a l la b o u r . F ou r w ere f i t te r s  an d  one a t u r n e r —th e se  
o ccu p a tio n s  w ere sk ille d —w hile th e  re m a in d e r—d r i l le r s ,  s t r a ig h te n e r s , a 
s p r a y - p a in te r  an d  a s e t t e r —w ere u n sk ille d .
T he  men who w orked  in  th e  sew ing  m achine fa c to ry  d id  jobs o f a 
c h a ra c te r  sim ilar to  th o se  o f th e  men in  th e  fa c to ry  p ro d u c in g  m otor 
v e h ic le s . T h ey  w ere sk illed  o r sem i-sk illed  w o rk e rs  p ro d u c in g  p a r ts  
fo r  th e  sew ing  m achines o r in s p e c t in g  an d  s e rv ic in g  th e  m ach in e ry . 
T h ey  d id  li ttle  h e a v y  p h y s ic a l w ork  an d  m ost of th e  w ork  d u r in g  th e  
s h if t  was done s ta n d in g  a t th e  b e n c h , a lth o u g h  one o r two h ad  jobs 
w hich  p e rm itte d  w ork in g  in  a s i t t in g  p o s itio n . F our w ere f i t t e r s ,  two 
s e t t e r s ,  one a d ie - s in k e r ,  an d  two m a c h in is ts—th e se  w ere ail sk illed  
o c c u p a tio n s . T he rem a in d er w ere sem i-sk ille d —a b u f fe r  an d  two 
m achine o p e r a to r s . Some o f th e  su b je c ts  in  th e  two l ig h t-e n g in e e r in g  
fa c to r ie s  h ad  a fu ll w ork ing  day  w hich allow ed li ttle  time fo r  r e s t  
p a u s e s ,  b u t  th is  was no t alw ays th e  ca se .
T he fo u r th  g ro u p  of  n o n s e d e n ta ry  w o rk e rs  s tu d ie d , th e  b u ild in g  
w o rk e rs ,  was em ployed b y  th e  H ousing  D ep a rtm en t, an d  th e y  w orked  a t 
tw o s i te s  on th e  o u ts k ir ts  of G lasgow . Six w ere sk illed  w o rk e rs  
— forem en e le c tr ic ia n s  an d  p lu m b e rs , a p la s te r e r ,  an d  a sca ffo ld in g  
e r e c to r .  Two men b e lo n g ed  to  th e  ’’h e a v y ” s q u a d , a te rm  w hich d id  
n o t n e c e s s a r i ly  in d ic a te  th e  e n e rg y  e x p e n d itu re  of th e  s u b je c ts ,  an d  
one was a han d y m an .
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T he e x e c u tiv e  o ffice  w o rk e rs  w ere m ainly th e  h e a d s  o f v a r io u s  
se c tio n s  o f G lasgow C o rp o ra tio n  T ra n s p o r t  D e p a rtm e n t.
T he  c le r ic a l o ffice  w o rk e rs  w ere em ployed b y  Glasgow C o rp o ra tio n  
H ousing  a n d  W orks D ep a rtm e n t. Two w o rk ed  in  th e  main o ffice in  th e  
c i ty  a n d  s ix  w o rk ed  on b u ild in g  s ite s  as tim ek ee p e rs  an d  co s t c le rk s .
T he  w ork  o f th e  r e t i r e d  men was a ra n g e  of dom estic r e s p o n s i­
b ilitie s  .
N o n -o ccu p a tio n a l a c t iv i t ie s . None o f th e  u rb a n  g ro u p s  d if fe re d  
from  th e  o th e rs  in  th e  form of th e i r  le is u re  a c t iv it ie s . A few men h ad  
c a r s  o r  m o to rcycles  w hich th e y  c lean ed  o ccasionally  an d  re p a ir e d ;  m ost 
d id  a v a r ie ty  o f w ork  in  th e  h o u se , from fe tc h in g  coal to  p a in tin g  and  
p a p e r in g .  T h re e  men w orked  in  p u b lic  h o u ses  fo r tw o o r th r e e  
e v e n in g s  w eek ly . T h re e  p la y e d  bow ls, one d id  a li tt le  sw im m ing, one 
c y c le d , tw o d a n c e d , an d  one p la y e d  go lf r e g u la r ly  on S u n d a y s . 
G a rd e n in g  was a pastim e fo r sev en  men an d  may have  b een  re c o rd e d  b y  
o th e rs  i f  th e  s u rv e y s  h ad  b een  done a t o th e r  tim es of th e  y e a r .  T he 
m ost p o p u la r  le is u re  tim e a c t iv i ty ,  h o w ev e r, was s i t t in g ,  e i th e r  re a d in g  
o r  w a tch in g  te lev is io n  o r ,  in  th e  case  o f th e  r e t i r e d  m en, p la y in g  c a rd s  
an d  s in g in g  a t th e i r  c lu b .
S ince few men h ad  c a r s ,  w alk ing  was an  im p o rtan t p a r t  o f 
t r a n s p o r t  to  w ork  o r  to  social p u r s u i t s .  O nly one r e t i r e d  man w ent on 
lo n g  w alks on a r e g u la r  b a s is .
T he le is u re  a c tiv it ie s  o f a few o f th e  y o u n g e r  fa rm e rs  in c lu d e d  
a c tiv e  p u r s u i t s  su c h  as  c u r lin g  an d  c o u n try  d a n c in g . Most w ere sim ilar 
to  th o se  o f  th e  o th e r  g ro u p s  and  in c lu d e d  c a r  w ash in g , p la y in g  w ith  
c h i ld re n ,  go ing  to  c h u rc h  a n d  to  p u b lic  h o u s e s , an d  a w oodw ork c la s s . 
T he o ld e r  fa rm e rs  d id  l i tt le  a p a r t  from th e ir  farm  w ork  d u r in g  th e  
s tu d y  p e r io d .
All th e  g ro u p s  o f men re c o rd e d  some time g iv en  to  h o u sew o rk . 
T he s te e l w o rk e rs  r e p o r te d  most (66 m in u te s /d a y  ) ,  p e rh a p s  b e c a u se  
th e i r  w o rk in g  w eek was c u r ta i le d , b u t  th e  a v e ra g e  w as ab o u t 15
m in u te s /d a y .
6 .1 .4 .2  O ccupational an d  n o n -o ccu p a tio n a l a c tiv itie s  o f women.
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O ccu p a tio n a l a c t iv i t ie s . O f th e  housew iv es  who liv ed  a lone , te n  w ere 
s in g le  women who h ad  r e t i r e d  from th e ir  o c c u p a tio n s , n in e  as w o rk e rs  
a t th e  local P a is ley  th re a d  mills an d  one as a n u r s e .  In  ad d itio n  to 
m a in ta in in g  th e i r  hom es, th r e e  women h a d  p a r t- t im e  jobs as c le a n e rs  
a n d , e x c e p t fo r th r e e  who su f fe re d  from a r th r i t i s ,  h ad  m any a c tiv itie s  
in c lu d in g  fu ll social liv e s .
T he housew iv es  liv in g  w ith  th e ir  fam ilies h ad  m ore dom estic 
re s p o n s ib il i t ie s ,  a n d  sev en  h ad  p a id  em ploym ent o u ts id e  o f th e  hom e. 
T h e ir  jo b s  w ere d iv e rs e : one su p e rv is e d  th e  ru n n in g  o f h e r  small
h o te l ,  one w as a se a m stre ss  who h ad  h e r  own sm all sh o p , one a c ted  as 
a c h e m is t’s a s s is ta n t  fo r h o u rs  each  e v e n in g , one w orked  fu ll time in  
a la w y e r’s o ffice , one s p e n t ab o u t two h o u rs  w eekly  in  h e r  h u s b a n d ’s 
gow n s h o p , an d  a n o th e r  s e rv e d  fo r s ix  h o u rs  a d ay  in  a c a n te e n  in
B r it is h  R ailw ays. Of th e  fo u r o ld e r w om en, one was 81, liv ed  w ith h e r
d a u g h te r  a n d  h ad  few dom estic re s p o n s ib il i t ie s .
T he 20 women who w orked  in  th e  sew ing  m achine fa c to ry  w ere
m ainly  e n g a g e d  in  s i t t in g  an d  s ta n d in g  a c tiv it ie s . T h e re  w ere th re e  
c le rk e s s e s ,  two in s p e c t r e s s e s ,  th re e  f in is h e rs ,  th r e e  p a c k e r s ,  e ig h t 
a s s e m b le rs , an d  a s u p e rv is o r .
T he 16 women who w ere em ployed b y  a b a k e ry  in c lu d e d  sev en
w hose jo b s  in v o lv ed  lif tin g  and  p u s h in g  loads an d  do ing  h e a v y  c lean in g  
a n d  sw e e p in g . The m ajority  of o ccu p a tio n s  co n s is te d  of s i t t in g  and  
s ta n d in g  a c tiv it ie s . T h ree  women w ere c le rk e s s e s ,  th re e  w ere m achine 
w o rk e rs ,  an d  11 h ad  v a rio u s  b a k e ry  ta s k s  in c lu d in g  w ork ing  in  th e  
c a n te e n .
N o n -o ccu p a tio n a l a c t iv i t ie s . A wide v a r ie ty  of a c tiv it ie s  was 
u n d e r ta k e n  b y  all th e  g ro u p s  of women in c lu d in g  go lf, d a n c in g , v is its  
to  th e  c inem a, p la y in g  c a rd s ,  am ateu r d ra m a tic s , v is it in g  o r b e in g  
v is i te d  d a ily  b y  family an d  f r ie n d s , an d  looking  a f te r  g ra n d c h ild re n . 
Some also  bow led , g a rd e n e d , and  w ent to  c h u rc h .  Two women p a in te d  
th e i r  h o u se s  an d  one en joyed  ru g -m a k in g . All th e  women sh o p p ed  and  
some o f th is  time may hav e  b een  sp e n t in  re c re a tio n a l sh o p p in g  b u t th is  
w as n o t d is tin g u ish e d  in  th e  re c o rd s .  W alking was a sso c ia ted  w ith 
m any socia l a c tiv it ie s  in c lu d in g  p la y in g  w ith g ra n d c h ild re n .
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6 .1 .5  S um m ary . In  em ploym ent, a c t iv i t ie s ,  h e a l th ,  h o u s in g , social 
c la ss  a n d  incom e, th e  su b je c ts  w ere  ty p ic a l o f th e  m ajority  of
la te -m id d le -a g e d  an d  e ld e r ly  peop le  in  S co tlan d  in  th e  1960s.
Some women w ere  fu ll-tim e h o u se w iv e s , some h ad  ad d itio n a l
fu ll- tim e  o r  p a r t- t im e  p a id  em ploym ent. Some o f th e  em ployed men h ad  
a seco n d  jo b . T he r e t i r e d  men w ere so le ly  re sp o n s ib le  fo r th e i r  own 
h o u s e h o ld s . Some men an d  women w ere s in g le , some m a rried  an d  some 
w idow ed.
Most a p p e a re d  to  b e  f it  an d  " a c tiv e ” in  th e  se n se  o f h a v in g  m any 
in t e r e s t s ,  a lth o u g h  none en g a g e d  in  r e g u la r  e x e rc is e  o r  s p o r ts .
T h e ir  food in ta k e  an d  a c tiv itie s  d id  n o t a p p e a r  to  b e  u n d u ly
r e s t r ic te d  b y  lack  o f m oney o r b y  d isa b ility  r e s u l t in g  from  a g in g .
T h e ir  e n e rg y  in ta k e  cou ld  b e  v iew ed  as th a t  of norm ally  h e a lth y
p eo p le  o f th e i r  age g ro u p  w ith  ty p ic a l p a t te r n s  o f a c t iv ity .
6 .2  A n th ro p o m e try
T he d a ta  on a g e , h e ig h t,  w eigh t a n d  BMI fo r  each  g ro u p  of men 
a re  p r e s e n te d  in  T able 6 .1  an d  fo r women in  T ab le  6 .2 . The
d if fe re n c e s  in  th e se  v a r ia b le s  be tw een  g ro u p s  w ere m easu red  b y  
p a irw ise  com parison  o f th e  g ro u p s  b y  m eans o f th e  Mann W hitney U
t e s t .  A s ig n ifican ce  leve l of p  <_ 0.05 h a s  b een  u se d  fo r  all r e s u l t s .
T he r e s u l t s  o f th e s e  com parisons a re  sum m arised  in  A p pend ix  I ,  T ab les  
1 - 1 3 .
C om parison  of all g ro u p s  of men show ed th a t  th e  age of th e  lig h t
in d u s t r y  w o rk e rs  was s ig n if ic a n tly  g r e a te r  th a n  th a t  o f all b u t  one
(e x e c u tiv e  office w o rk e rs)  o f  t he  o th e r  o ccu p a tio n a l g ro u p s . T h is  is  
e x p la in e d  b y  th e  age ra n g e  o f th e  g ro u p  (T ab le  6 .1 ) .  I t also show ed
th a t  th e  age  of th e  o ld e r fa rm e rs  and  r e t i r e d  men was s ig n if ic a n tly
d if f e re n t  from  all th e  o th e r  g ro u p s .
In  th e  g ro u p s  of women, th e  housew ives who liv ed  alone w ere no t 
s ig n if ic a n tly  d if fe re n t in  age from th e  o ld e r h o usew ives b u t  b o th  th e se  
g ro u p s  w ere  s ig n if ic a n tly  o ld e r th a n  th e  o th e r  th re e  g ro u p s .
C om parison  o f th e  g ro u p s  of men on th e  b a s is  o f h e ig h t show ed 
th a t  b o th  g ro u p s  o f fa rm e rs , th e  e x e c u tiv e  office w o rk e rs  an d  th e  s te e l
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w o rk e rs  w ere  s ig n if ic a n tly  ta lle r  th a n  th e  o th e r  g ro u p s . None o f th e  
g ro u p s  o f women w as s ig n if ic a n tly  d if fe re n t in  h e ig h t from an y  o th e r  
a n d  all g ro u p s  w ere  s ig n if ic a n tly  sm aller th a n  all g ro u p s  of m en.
C om parisons o f th e  d if fe re n c e s  in  w eigh t b e tw een  th e  g ro u p s  of 
men co n firm ed  th a t  th e  fa rm e rs  an d  s te e lw o rk e rs  w ere s ig n if ic a n tly  
h e a v ie r  th a n  all g ro u p s  e x c e p t th e  b u ild in g  w o rk e rs . In  b o th  g ro u p s  
th e  r a n g e  o f  w eig h t was g r e a te r .
T he  m ean w e ig h ts  of th e  g ro u p s  of women w ere v e ry  sim ilar b u t  
co m p ariso n s  show ed th a t  th e  women who w orked  in  th e  sew ing  m achine 
f a c to ry  w ere  s ig n if ic a n tly  h e a v ie r  th a n  th e  housew ives w ith fam ilies.
T he  m eans o f BMI fo r all g ro u p s  o f men (T ab le  6 .1 ) show ed th a t  
th e  e x e c u tiv e s  h a d  th e  low est BMI (22 .6  ± 3 .2 .)  T h is  was s ig n if ican tly  
low er th a n  th e  old an d  y o u n g e r  fa rm e rs  and  th e  b u ild in g  w o rk e rs . The 
b u ild in g  w o rk e rs  h ad  th e  g re a te s t  BMI, an d  th is  was s ig n if ican tly  
g r e a te r  th a n  th a t  o f th e  c le r ica l an d  lig h t in d u s tr y  w o rk e rs  in  add ition  
to  th e  e x e c u tiv e s .  T he ra n g e  in  BMI was g r e a te s t  in  th e  y o u n g e r  
fa rm e rs  a n d  s te e l w o rk e rs .
T he  m eans o f BMI am ong all g ro u p s  of women (T ab le  6 .2 ) w ere no t 
s ig n if ic a n tly  d if fe re n t  from each  o th e r .  The sew ing  m achine and  b a k e ry  
w o rk e rs  b o th  h ad  a w ide r a n g e .
T he  s ta n d a rd s  o f th e  1959 and  1983 M etropolitan  Life In su ra n c e  
C om pany ta b le s  w ere  u se d  to  compile two nom ogram s in d ic a tin g  body  
m ass in d e x  a t d e s ira b le  w eigh t an d  a t 20 p e rc e n t and  40 p e rc e n t 
o v e rw e ig h t lev e ls  fo r men an d  women (B u rto n  and  F o s te r , 1985). U sing 
th e  1959 c r i te r ia  o f a BMI o f 26.4 a t th e  20 p e rc e n t o v erw eig h t level 
a n d  30 .8  a t th e  40 p e rc e n t o v e rw e ig h t le v e l, 24 men (25 .3  p e rc e n t)  
w ere  b e tw ee n  20 an d  40 p e rc e n t  o v e rw e ig h t and  7 (7 .4  p e rc e n t)  w ere 
m ore th a n  40 p e rc e n t o v e rw e ig h t. Use of th e  1983 s ta n d a rd s  of 27.2 
a n d  31 .8  p e rc e n t  re d u c e d  th e  p e rc e n ta g e s  be tw een  20 and  40 p e rc e n t 
o v e rw e ig h t to  20 p e rc e n t  (19 m en).
T he  c o r re sp o n d in g  1959 s ta n d a rd  fo r women of a BMI of 25.8 a t 
th e  20 p e rc e n t  o v e rw e ig h t lev e l an d  30.1 a t th e  40 p e rc e n t o v e rw e ig h t 
le v e l c a te g o r is e d  26 women (30 .9  p e rc e n t)  as be tw een  20 and  40 p e rc e n t 
o v e rw e ig h t an d  n in e  (10 .7  p e rc e n t)  as o v e r 40 p e rc e n t o v e rw e ig h t.
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U se o f th e  1983 s ta n d a rd s  of 26.9 a n d  31.4  re d u c e d  th e  p e rc e n ta g e  
b e tw e e n  20 an d  40 p e rc e n t  o v e rw e ig h t to  25 p e rc e n t (21 w om en).
T h e  r a n g e s  o f d e s ira b le  w eigh t fo r h e ig h t ad o p ted  in  th e  r e p o r t  on 
e n e rg y  a n d  p ro te in  re q u ire m e n ts  (FAO/W HO/UNU, 1985) c o r re s p o n d e d  
to  a  BMI o f 2 0 .1 -2 5 .0  w ith  a d e s ira b le  a v e ra g e  o f 22 .0  fo r  men an d  a 
BMI o f 1 8 .7 -2 3 .8  w ith  a d e s ira b le  a v e ra g e  o f 20.8 fo r  women. T he lev el 
o f  BMI d e s ig n a te d  as o b ese  was 30.0 fo r men an d  28.6 fo r women. 
U sin g  th e s e  c r i t e r ia  46 p e rc e n t of th e  men an d  40 p e rc e n t o f th e  women 
w ere  in  th e  d e s ira b le  w eigh t r a n g e ,  35 p e rc e n t  of th e  men an d  37 
p e r c e n t  o f th e  women w ere  in  th e  ra n g e  b e tw een  d e s ira b le  an d  obese  
a n d  12 p e r c e n t  o f th e  men and  21 p e rc e n t  of th e  women w ere o b e se . 
S ev en  o f 98 men an d  2 o f  84 women fell below th e  d e s ira b le  ra n g e .
6 .3  H y p o th es is  A
T he r e s u l t s  of th is  d is s e r ta t io n  will be  p re s e n te d  in  te rm s  o f th e  
e v id e n c e  fo r o r  a g a in s t th e  spec ific  h y p o th e se s  o u tlin ed  in  C h a p te r  4.
H y p o th es is  A ( l )  s ta te s  th a t  th e re  will be  sy stem a tic  d if fe re n c e s  in  
e n e rg y  e x p e n d itu re  an d  e n e rg y  an d  n u tr ie n t  in ta k e  o f g ro u p s  o f
s u b je c ts  o f m ean age be tw een  50 and  65 y e a r s ,  be tw een  o ccu p a tio n a l 
g ro u p s  o f  th e  same s e x .
H y p o th es is  A (2) s ta te s  th a t  th e re  will b e  sy stem a tic  d if fe re n c e s  in  
e n e rg y  e x p e n d itu re  an d  e n e rg y  an d  n u tr ie n t  in ta k e  of g ro u p s  o f
s u b je c ts  o f th e  same sex  of mean age b e tw een  50 an d  65 y e a rs  an d  
com parab le  g ro u p s  of mean age o v e r 65.
T h ese  h y p o th e se s  w ere exam ined u s in g  th e  d a ta  on e n e rg y  
e x p e n d i tu re  sum m arised  in  T ab les 6 .4 ,  6.6  and  6.12 fo r women an d  
T a b le s  6 .3 ,  6 .5  and  6.11 fo r m en. D ata on e n e rg y  in ta k e  a p p e a rs  in
T ab les  6 . 6 , 6.8  an d  6.13 for  women an d  T ab les 6 .5 , 6 .7  and  6 .14 fo r
m en . N u tr ie n t in ta k e  v a lu es  a re  p re s e n te d  in  T ab les  6.8  6 .10 an d  6.15 
fo r  women an d  6 .7 ,  6 .9  and  6.16 fo r m en. R an g es a re  g iv en  in  th e se  
ta b le s  to  show th e  g re a t in te r - in d iv id u a l v a r ia tio n  w hich was found  in  
all v a r ia b le s .
T he  d if fe re n c e s  in  th e se  v a r ia b le s  w ere m easu red  b y  com paring  
them  in  all p a i r s  o f th e se  g ro u p s  by  m eans o f th e  Mann W hitney U te s t .
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T he  r e s u l t s  o f  th e s e  com parisons a re  sum m arised  in  A pp en d ix  I,  T ab les  
1 -  13.
6 .3 .1  H y p o th es is  A ( l )  D iffe rences  b e tw ee n  occupa tiona l  g ro u p s  of th e  
same se x  a n d  of mean age 50 to  65 y e a r s .
M en . T he  m eans of e n e r g y  e x p e n d i tu r e  o f  s ix  occupa tiona l g ro u p s  
o f  men g iv e n  in  Table 6 .3  a n d  th e  m eans, m edians a n d  r a n g e s  in  Table 
6 .11  a p p e a r  in  d e sc e n d in g  o r d e r  from fa rm ers  (3709 ± 487 k c a l /d a y )  and  
s te e l  w o rk e r s  (3276 ± 504 k c a l /d a y )  to  c le r ica l w o rk e rs  (2287 ± 291 
k c a l / d a y ) .  T he  th r e e  in te rm ed ia te  g ro u p s  w ere  b u i ld in g  w o rk e rs  (3051 
± 418 k c a l / d a y ) ,  l ig h t  i n d u s t r y  w o rk e rs  (2837 ± 410 k c a l /d a y )  and  
office  e x e c u t iv e s  (2824 ± 318 k c a l /d a y ) .  T he  e n e r g y  e x p e n d i tu r e  of th e  
fa rm e rs  was s ig n if ican tly  g r e a t e r  th a n  all th e  o th e r  g ro u p s  e x c e p t  s tee l  
w o r k e r s ,  w h ere  th e  d if fe re n ce  a p p ro a c h e d  s ign if icance  (p  = 0 .0 5 5 ) .  
T he  m ean e n e rg y  e x p e n d i tu re  of e ig h t  fa rm e rs  e x ce ed ed  4000 k c a l /d a y .  
T h e re  was no s ig n if ican t  d if fe re n ce  b e tw ee n  s tee l  w o rk e r s ,  b u i ld in g  
w o rk e r s  a n d  e x e c u t iv e s  o r  be tw een  th e  l a t t e r  two an d  men in  l igh t  
i n d u s t r y .  T he e x p e n d i tu re  of th e  c le r ica l w o rk e rs  was s ig n if ican tly  
low er th a n  all th e  o th e r  g ro u p s .
E n e rg y  e x p e n d i tu re  p e r  kilogram b o d y  w eigh t followed th e  same 
p a t t e r n  (T ab le  6 .5 ) .  The ex e c u t iv e s  (42 .0  ± 4.5  k c a l /k g /d a y )  and  
l ig h t  i n d u s t r y  w o rk e rs  (41.8 ± 6.2  k c a l /k g /d a y )  whose mean w eight was 
8 k g  le s s  th a n  th e  s tee l w o rk e rs  (43 .2  ± 4 .9  k c a l /k g /d a y )  an d  b u ild in g  
w o rk e r s  (40 .5  ± 6 .9  k c a l /k g /d a y )  d id  no t d if fe r  s ig n if ican tly  in th is
v a r ia b le  from them .
T he  e n e rg y  in ta k e s  of fa rm ers  (3465 ± 481 k c a l /d a y )  and
e x e c u t iv e s  (2645 ± 438 k c a l /d a y )  w ere lower th a n  th e i r  e n e rg y
e x p e n d i tu r e s  an d  th o se  of l igh t  in d u s t r y  w o rk e rs  and  c lerica l w o rk e rs  
h ig h e r  (2907 ± 337 an d  2444 ± 313 k c a l /d a y ,  r e s p e c t iv e ly ) .  S ign if ican t 
d i f f e re n c e s  w ere found  be tw een  fa rm ers  and  l ig h t  i n d u s t r y ,  c le r ica l an d  
e x e c u t iv e  w o rk e r s .  C lerical w o rk e rs  h ad  a s ig n if ican tly  lower in ta k e  
th a n  all o th e r  g r o u p s ,  excep t e x e c u t iv e s .  The e n e rg y  in ta k e  of one 
man was u n d e r  2000 k c a l /d a y  (1760 k c a l /d a y ) .  His BMI was below th e  
d e s i ra b le  r a n g e  of 20 .1 -25 .0  and  h is  e n e rg y  e x p e n d i tu re  was es tim ated
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a t  2830 k c a l /d a y .  T he  m eans, m edians an d  r a n g e s  of e n e r g y  in ta k e  a re  
show n in  T ab le  6 .1 4 .
E n e r g y  in ta k e s  p e r  kilogram  b o d y  w eigh t show ed no s ig n if ican t  
d i f f e re n c e  b e tw ee n  fa rm e rs ,  s te e l ,  b u i ld in g  an d  l ig h t  i n d u s t r y  w o rk e rs  
o r  b e tw e e n  c le r ica l w o rk e rs  an d  g ro u p s  o th e r  th a n  th e  fa rm e rs  an d  
l ig h t  i n d u s t r y  w o rk e r s .
When th e  a v e ra g e s  o f  e n e rg y  in ta k e  a n d  e x p e n d i tu r e  w ere 
c a lc u la te d ,  th e  e n e r g y  n e e d s  of th e  fa rm e rs  w ere s ig n if ican t ly  g r e a t e r  
a n d  th e  c le r ica l  w o rk e rs  s ig n if ican tly  le ss  th a n  th e  o th e r  g r o u p s .  T he 
mean da i ly  e n e r g y  e x p e n d i tu re  was s u b t r a c t e d  from th e  mean daily  
e n e r g y  in ta k e  to  g ive  th e  v a r iab le  nam ed e n e r g y  b a la n c e .  Only th e  
c le r ica l  w o rk e rs  an d  th e  l ig h t  in d u s t r y  w o rk e rs  h a d  p o s it iv e  e n e r g y  
b a la n c e s  b u t  th e s e  w ere s ig n if ican tly  d i f fe re n t  only  from th e  fa rm e rs  
a n d  e x e c u t iv e s ,  whose n eg a t iv e  e n e rg y  b a lan ces  w ere  -244 + 461
k c a l /d a y  a n d  -179 + 355 k c a l /d a y ,  r e s p e c t iv e ly .  S ta n d a rd  dev ia t io n s  
fo r  all g r o u p s  w ere  g r e a t .
P ro te in  in ta k e  in  g en e ra l  fell w ith d e c re a s in g  e n e r g y  in ta k e .  
(T ab le  6 .7 )  T he in ta k e  of th e  fa rm ers  (111.3 ± 16.5 g /d a y )  a n d  s tee l  
w o rk e r s  (111.6  ± 15.8 g /d a y )  was s ign if ican tly  h ig h e r  th a n  most of th e  
o th e r  g r o u p s .  S tee l w o rk e rs  and  c lerical w o rk e rs  h a d  th e  g r e a t e r  
in ta k e  as  a p e r c e n ta g e  of e n e rg y  (14.1 p e rc e n t  a n d  13.7 p e r c e n t ) [ T a b le  
6 . 9 ] .  T he  s te e l  w o rk e rs  were tra d i t io n a l ly  co n s id e re d  to be  h e a v y  
w o rk e rs  who r e q u i r e d  ample q u a n t i t ie s  of "good food" an d  th e i r  wives 
took  p r id e  in  g iv in g  them la rg e  q u a n t i t ie s  of m eat. For all th e  g ro u p s  
s tu d ie d ,  ap p ro x im ate ly  60 p e rc e n t  of th e  p ro te in  ea te n  was of animal 
o r ig in ,  m ostly  b e e f  an d  milk, and  the  rem ain ing  40 p e r c e n t  was o b ta in ed  
la rg e ly  from b r e a d ,  c a k e s ,  b u n s ,  an d  b is c u i t s .  P ro te in  in ta k e  p e r  
k ilogram  b o d y  w eigh t was g r e a te s t  for s tee l  w o rk e rs  an d  fa rm e rs  (1 .5  ± 
0.40  g / k g / d a y )  an d  leas t  fo r  ex ec u tiv e s  (1 .2  ± 0.2  g / k g / d a y ) .  The 
d i f f e re n c e s  b e tw ee n  fa rm ers  and  s tee l w o rk e rs  com pared  to all o th e r  
g r o u p s  w ere  s ig n if ic a n t .  In re la tion  to e n e rg y  in ta k e ,  p ro te in  in ta k e  
was g r e a t e s t  fo r  s tee l  w o rk e rs  and  c lerical w o rk e rs  (35 a n d  34 g/1000 
k ca l)  a n d  le a s t  fo r  e x ec u tiv e s  and  l igh t  i n d u s t r y  w o rk e rs  (31 g/1000 
k c a l ) .  T h ese  d if fe re n c e s  w ere s ig n if ican t .  In d iv idua l  p ro te in  and  fa t
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in ta k e s  w ere  c losely  a s so c ia ted  w ith e n e r g y  in ta k e  ( r  0 .8 2 ,  r  0.88 
r e s p e c t i v e l y ) .
Mean daily  fa t  in ta k e s  dec l ined  w ith  d e c re a s e d  e n e r g y  in ta k e  an d  
th a t  o f  th e  fa rm e rs  was s ig n if ican t ly  d i f f e re n t  from all th e  o th e r  g ro u p s  
e x c e p t  th e  s tee l  w o rk e r s .  S tee l ,  b u i ld in g  an d  l ig h t  i n d u s t r y  w o rk e rs  
h a d  sim ilar in ta k e s  a n d  th e  l a t t e r  two w ere no t s ig n if ican t ly  d i f f e re n t  
from th e  two g ro u p s  of office w o rk e r s .  The p e rc e n ta g e  of  e n e r g y  from 
fa t  was g r e a t e s t  in  th e  d ie ts  of th e  s e d e n ta r y  c le rica l w o rk e rs  (42 .4  
p e r c e n t )  an d  le a s t  fo r  th e  b u i ld in g  w o rk e rs  (37 .4  p e r c e n t ) .  Of th e  
to ta l  fa t  i n t a k e ,  a l i t t le  more th a n  o n e - f i f th  was in  th e  form of b u t t e r ,  
o n e - f i f th  came from m eat, o n e - f i f th  from cakes  an d  b i s c u i t s ,  a l i t t le  le ss  
th a n  o n e - f i f th  from milk an d  c h e e s e , an d  th e  rem a in d e r  from s o u p , 
m a rg a r in e ,  b r e a d  an d  o th e r  s o u rc e s .
T he  p e r c e n ta g e  of e n e rg y  su p p lie d  b y  c a rb o h y d ra te  was g r e a t e s t  
in  th e  d ie ts  of th e  e x e c u t iv e s ,  b u i ld in g  an d  l ig h t  i n d u s t r y  w o rk e rs  and  
was s ig n if ic a n t ly  g r e a t e r  th a n  th a t  of th e  fa rm e rs  an d  c lerica l w o rk e rs .
T he  p e rc e n ta g e  o f  e n e rg y  su p p lie d  b y  alcohol in  th e  d ie ts  of th e  
fa rm e rs  (4 p e r c e n t )  was twice th a t  of all g ro u p s  e x c e p t  th e  s tee l  
w o rk e rs  (3 .4  p e r c e n t ) .
In  g e n e ra l ,  th e  foods, w hich su p p lie d  th e  most e n e rg y  w ere b r e a d ,  
b u n s ,  b is c u i t s  an d  c a k e s ,  which to g e th e r  c o n t r ib u te d  to 34 p e r c e n t  of 
th e  mean to ta l  in t a k e .  D airy  p r o d u c ts  su p p lie d  22 p e r c e n t ,  13 p e rc e n t  
b e in g  from milk, cheese  an d  e g g s  an d  9 p e rc e n t  from b u t t e r .  
M argarine  acc o u n ted  fo r  only  2 p e r c e n t .  Meat p ro d u c ts  f u rn is h e d  15
p e r c e n t  o f  th e  to ta l  e n e r g y ,  s u g a r  9 p e r c e n t ,  p u d d in g s  an d  b re a k fa s t  
c e re a ls  4 p e r c e n t ,  p o ta to es  3 p e r c e n t ,  f ish  2 p e r c e n t  an d  sw eets  and  
choco la te s  2 p e r c e n t .  The rem ain ing  7 p e r c e n t  came, in  small
q u a n t i t i e s ,  from v a r io u s  o th e r  item s.
In d iv id u a l  calcium an d  i ro n  in ta k e s  w ere s ign if ican tly  (p = 0.001) 
re la te d  to  e n e rg y  in ta k e s  ( r  0 .6 6 ,  r  0 .7 4 ) .  T h e re  w ere no s ig n if ican t  
d i f fe re n c e s  b e tw een  g ro u p s  in  th e i r  calcium in ta k e s  p e r  1000
k ilo ca lo r ie s ,  which w ere be tw een  345 an d  413 mg. For all g ro u p s ,  milk 
a n d  c h ee se  p ro v id e d  be tw een  40 and  50 p e r c e n t  of th e  to ta l  calcium, 
an d  b r e a d ,  b u n s ,  cakes  and  b isc u i ts  abou t 35 p e r c e n t .  Two o f the  men
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h a d  in t a k e s  o f  800 an d  950 mg calcium daily  in  sp i te  o f  e a t in g  no c h ee se  
a t  all an d  d r in k in g  on ly  one q u a r t e r  p in t  of milk da ily .
I ro n  in ta k e s  p e r  1000 k iloca lo ries  w ere  b e tw een  5 .5  mg fo r  l ig h t  
i n d u s t r y  w o rk e rs  a n d  6 .0  mg fo r  e x e c u t iv e s .  T h ese  d if fe re n c e s  w ere 
n o t  s ig n if ic a n t .
Women. T he  means of e n e r g y  e x p e n d i tu r e  of th e  th r e e  g ro u p s  of 
women ag e d  50-65 shown in  Table  6 .4  an d  th e  m eans, m edians an d  
r a n g e s  in  Tab le  6.12 The housew ives  e x p e n d e d  2257 ± 292 k c a l /d a y ,  
while th e  sew ing  machine a n d  b a k e r y  w o rk e rs  e x p e n d e d  2319 ± 236 and  
2511 ± 439 k c a l /d a y ,  r e s p e c t iv e ly .  T he  d i f fe re n c e s  w ere no t
s ig n i f ic a n t .  Two b a k e r y  w o rk e rs  h a d  mean e n e rg y  e x p e n d i tu r e s  in  
e x c e s s  o f  3000 k c a l /d a y  a n d  fo u r  b e tw ee n  2600 an d  3000 k c a l /d a y .  
T h e i r  e n e r g y  e x p e n d i tu r e  p e r  k ilogram  b o d y  w eight (40.6  ± 6.5
k c a l / k g / d a y )  was s ig n if ican t ly  h ig h e r  th a n  th a t  of th e  sew ing  machine 
w o rk e r s  (35 .1  ± 7 .3  k c a l / k g / d a y ) ,  a l th o u g h  th e  mean w eight of th e  
l a t t e r  g ro u p  was only  0 .8  k g  g r e a t e r  (T ab le  6 .6 ) .  T h is  value  was not 
s ig n if ic a n t ly  d i f f e re n t  from th e  housew ives  w ith  family, w here  mean 
w e igh t was 1.5 k g  le ss  (37.8  ± 4 . 8  k c a l / k g / d a y ) .
T he  e n e rg y  in ta k e s  of all th e  g ro u p s  w ere less  th a n  th e  e n e rg y  
e x p e n d i tu r e s ,  r a n g in g  from an a p p a re n t  def ic it  of 196 k c a l /d a y  for th e  
sew ing  w o rk e rs  (2126 ± 484 k c a l /d a y )  to 304 k c a l /d a y  an d  319 k c a l /d a y  
fo r  th e  b a k e r y  w o rk e rs  (2208 ± 471 k c a l /d a y )  an d  housew ives  (1939 ± 
390 k c a l / d a y ) ,  r e s p e c t iv e ly .  The e n e r g y  in ta k e  of th e  housew ives  was 
s ig n if ic a n t ly  lower th a n  th a t  of th e  b a k e r y  w o rk e r s .  T h e re  was no 
s ig n if ic a n t  d i f fe re n c e  in  e n e rg y  in ta k e  p e r  kilogram  b o d y  w eigh t 
b e tw e e n  th e  g ro u p s  o r  be tw een  th e  a v e ra g e s  of in ta k e  an d  e x p e n d i tu re  
o f  th e  b a k e r y  w o rk e rs  and  sew ing  w o rk e r s .  T he m eans, medians and  
r a n g e s  a p p e a r  in  Table  6 .13 .
E ig h t  o f  th e  women re c o rd e d  mean daily  e n e rg y  in ta k e s  of b e tw ee n  
1000 a n d  1600 k c a l /d a y .  In all cases  e n e r g y  e x p e n d i tu r e  was e s tim ated  
a t  2000 k c a l /d a y  o r  m ore. Five of th e se  women h ad  Body Mass Ind ices  
low er th a n  25.8 kg /m ^  and  fo u r  w ere le ss  th a n  150 cm in  h e ig h t .  T he
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e n e r g y  in ta k e  of one woman was 802 k c a l /d a y  com pared  to  h e r  e n e rg y  
e x p e n d i tu r e  o f  2492 k c a l /d a y .
In d iv id u a l  p r o t e i n , fa t  a n d  c a rb o h y d ra te  in ta k e s  o f  all 74 women, 
57 o f  whom w ere ag ed  50 -  65 y e a r s ,  w ere c losely  r e la te d  to  e n e r g y  
in ta k e s  ( r  0 .7 9 ,  0 .8 9 ,  0 .8 6 ) .  The r a n g e s  in  in d iv id u a l  in ta k e s  w ere 
la rg e :  37.0  -  111.3 g p r o t e i n /d a y ,  54.5 -  155.9 g  f a t / d a y  (T ab le  6 .8 ) .
Mean p ro te in  in ta k e  of th e  b a k e ry  w o rk e rs  (73 .2  ± 20.0 g /d a y )  
was s ig n if ic a n t ly  h ig h e r  th a n  th a t  o f  th e  housew ives  (61 .6  ± 13.4 
g / d a y ) .  B a k e ry  w o rk e rs  also h ad  a g r e a t e r  p e rc e n ta g e  of e n e r g y  
in ta k e  su p p l ie d  b y  p ro te in  (13.3%) (T ab le  6 .1 0 ) .  In c o n t ra s t  to  th e  
male g r o u p s ,  th e  female g ro u p s  o b ta in ed  app rox im ate ly  60 p e rc e n t  of 
t h e i r  p r o te in  from v e g e tab le  s o u rc e s ,  mainly from f lou r  in  c a k e s ,  
b i s c u i t s ,  b r e a d ,  ro lls  an d  ce rea l  p r o d u c t s .  B eef was th e  meat most 
commonly e a te n ,  a l th o u g h  some p o r k ,  mainly bacon  o r  cooked ham , an d  
some s tew ed  m utton  o r  m utton  chops  w ere also consum ed . S au sag es  an d  
c a n n e d  m eats  w ere  ta k e n  occasionally  by  most s u b je c t s .  Few of th e  
s u b je c t s  a te  p o u l t r y .  The mean consum ption  of e g g s  was fo u r  p e r  week 
a n d  th e y  w ere  u su a l ly  bo iled . F re s h  milk was u s e d  r e g u la r ly  b y  most 
women. F ish  was ea te n  r e g u la r ly  as w ere homemade s o u p s .
P ro te in  in ta k e s  p e r  kilogram of body  w eight an d  p e r  1000 
k iloca lo r ies  w ere no t s ig n if ican tly  d i f fe re n t  b e tw een  th e  g ro u p s  and  
r a n g e d  from 1.0 ± 0.2 g / k g / d a y  for th e  housew ives  to 1.2 ± 0.4 
g / k g / d a y  fo r  th e  b a k e ry  w o rk e rs  (T ab le  6 .15) and  from 32 -  34 g p e r  
1000 k iloca lo r ies .
T he b a k e r y  w o rk e rs  had  th e  g r e a te s t  mean in ta k e  of fat (108.6 ±
32.6 g / d a y )  b u t  th i s  was not s ig n if ican tly  d i f f e re n t  from th e  o th e r  
g r o u p s .  T h ey  also o b ta in ed  44.3 p e r c e n t  of e n e rg y  from f a t .  The 
t h r e e  g r o u p s  of women o b ta ined  o v er  40 p e r c e n t  of e n e rg y  from fa t .  
V e ry  im p o r tan t  c o n t r ib u to r s  to th e  e n e rg y  va lue  of th e  d ie t an d  to th e  
h ig h  p e rc e n ta g e  c o n t r ib u t io n  of fa t  w ere c a k e s ,  b is c u i t s ,  b r e a d ,  ro lls  
a n d  c e re a l  p r o d u c t s ,  which su p p lied  be tw een  30 an d  40 p e r c e n t  of th e  
e n e r g y  in ta k e .  Meat, th e  d a i ry  g ro u p  com pris ing  milk, e g g s  an d  
c h ee se  an d  b u t t e r  each  c o n t r ib u te d  be tw een  11 p e r c e n t  and  12 p e rc e n t  
o f  th e  to ta l  e n e rg y  in ta k e .
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In d iv id u a l  calcium and  i ro n  in ta k e s  w ere  c losely  r e la te d  to  e n e r g y  
in ta k e  ( r  0 .6 6 ,  0 .7 2 ) .  T h e re  w ere  n o t  s ig n if ican t  d if fe re n c e s  b e tw ee n  
th e  g r o u p s  in  mean calcium in ta k e  o r  in ta k e  p e r  1000 k ilocalo ries  n o r  in  
mean i ro n  in ta k e  o r  i ro n  in ta k e  p e r  1000 k iloca lo r ies .  T he  r a n g e s  o f  
in t a k e  o f  b o th  n u t r i e n t s  w ere  g r e a t  (351 -  1602 mg ca lc iu m /d ay ,  4 .2  -  
17.8 mg i r o n / d a y )  (T ab le  6 .8 ) .  Mean calcium in ta k e  p e r  1000 kilo­
ca lo r ie s  was in  th e  r a n g e  of 388 -  452 mg/lOOOkcal an d  mean iro n  in ta k e  
in  th e  r a n g e  5 .1  -  6 .0  mg/1000 k ca l .  A la rg e  p ro p o r t io n  of th e  calcium 
in ta k e  was su p p lie d  b y  f lou r  p r o d u c t s ,  abou t 250 mg daily  p e r  p e r s o n .  
Milk i n t a k e ,  which was on a v e ra g e  b e tw een  o n e - th i r d  an d  o n e -h a l f  of a 
p in t  p e r  d ay  su p p lie d  abou t 300 mg calcium. A bout 100 mg p e r  day  
w e re o b ta in e d  from c h e e se .
6 .3 .2  H y p o th es is  A (2 ) .  D iffe rences  b e tw een  g ro u p s  of th e  same sex  of 
mean age  50 -  65 y e a r s  an d  com parable g ro u p s  o f  mean age  o v e r  65 .
M en. The mean daily  e n e r g y  e x p e n d i tu re  o f  th e  g ro u p  of r e t i r e d  
men (2327 ± 406 k c a l /d a y )  was s ig n if ic an tly  lower th a n  th a t  of all 
g r o u p s  of men ex c e p t  th e  c le rica l w o rk e rs  (2287 ± 291 k c a l /d a y ) ,  while 
th a t  o f  th e  o lde r  fa rm ers  (3011 ± 450 k c a l /d a y )  was s ig n if ican tly  lower 
on ly  th a n  th e  y o u n g e r  fa rm ers  (3709 ± 487 k c a l /d a y )  an d  was
s ig n if ic a n t ly  h ig h e r  th a n  th a t  of th e  r e t i r e d  men (T ab les  6 .3  and  6 .1 1 ) .  
T he  d if fe re n c e  be tw een  th e  mean daily  e n e r g y  e x p e n d i tu r e  of th e  
y o u n g e r  an d  o lde r  fa rm ers  was approx im ate ly  19 p e r c e n t .  The g ro u p  of 
b u i ld in g  w o rk e rs  h a d  a b ro a d  r a n g e  of occupa tions  an d  th e se  w ere 
c o n s id e re d  to  be su ff ic ie n tly  r e p re s e n ta t iv e  of th e  p re v io u s  occupa tions  
o f  th e  r e t i r e d  men fo r  com parisons be tw een  th e  g ro u p s  to be m ade. 
T he  d if fe re n c e  be tw een  th e i r  mean daily  e n e rg y  e x p e n d i tu re  an d  th a t  of 
th e  r e t i r e d  men was approx im ate ly  23 p e r c e n t .  The r a n g e  in  e n e rg y  
e x p e n d i tu r e  was g r e a t e r  in  th e  r e t i r e d  men th a n  in  th e  o lde r  f a r m e r s . 
O f th e  five  r e t i r e d  men with th e  h ig h e s t  e x p e n d i tu re  of e n e r g y ,  one 
7 6 -y e a r -o ld  form er postm an e x p e n d e d  3068 k c a l /d a y  while fo u r  o th e r  
men in  th e  g ro u p  ex p e n d e d  be tw een  2500 an d  2800 k c a l /d a y .  T h re e  of 
th e  five  fa rm e rs  ex p e n d e d  be tw een  3144 an d  3441 k c a l /d a y .
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In  re la t io n  to o th e r  g r o u p s ,  mean
e n e r g y  e x p e n d i tu r e  p e r  kilogram  b o d y  w eigh t followed th e  same p a t t e r n  
a s  e n e r g y  e x p e n d i tu r e .  I t  was no t s ig n if ic an t ly  d i f f e re n t  b e tw ee n  th e  
two g r o u p s  o f  o ld e r  m en, a l th o u g h  th e  mean w eigh t of th e  fa rm e rs  was
78.6  k g  com pared  to  70 k g  of th e  r e t i r e d  men (T ab le  6 .5 ) .  T he  
f in d in g s  w ere  38.1 ± 2.5 k c a l /k g /d a y  an d  34.3 ± 4 .2  k c a l / k g / d a y ,  
r e s p e c t iv e ly .
T h e  m ean e n e r g y  in ta k e  of b o th  g ro u p s  of o lde r  men was a p p r o x ­
im ate ly  340 k c a l /d a y  le ss  th a n  th e i r  e n e r g y  e x p e n d i tu r e ,  a d if fe re n c e  of
16.5 p e r c e n t  fo r  th e  r e t i r e d  men an d  12.9 p e r c e n t  fo r  th e  o ld e r  
f a r m e r s .  T he  mean in ta k e  o f  th e  r e t i r e d  men (2052 ± 355 k c a l /d a y )  was 
s ig n i f ic a n t ly  le s s  th a n  th a t  of all y o u n g e r  g ro u p s  an d  of th e  o ld e r
f a rm e r s .  T he  e n e r g y  in ta k e  of th e  o ld e r  fa rm e rs  (2667 ± 495 k c a l /d a y )
w as n o t  s ig n if ican t ly  d i f fe re n t  from fo u r  of th e  s ix  g ro u p s  of y o u n g e r  
m en , th e  e x c e p tio n s  b e in g  th e  y o u n g e r  fa rm e rs  an d  th e  s tee l  w o rk e r s .  
T he  d if f e re n c e  b e tw een  th e  mean daily  e n e r g y  in ta k e  of th e  y o u n g e r  
a n d  o ld e r  fa rm e rs  was app rox im ate ly  23 p e r c e n t  an d  be tw een  th e  
b u i ld in g  w o rk e rs  an d  th e  r e t i r e d  men ap p rox im ate ly  33 p e r c e n t .
F o u r  r e t i r e d  men h ad  mean daily  e n e rg y  in ta k e s  of be tw een  1400 
a n d  2000 k c a l /d a y .  T h e ir  bod y  mass ind ices  w ere  20 .9 ,  20 .7 ,  which 
w ere  in  th e  d es irab le  r a n g e  of  w eight for h e ig h t ,  and  27.4 and  30 .3 ,  
w hich  w ere  above  th e  d es irab le  r a n g e .  Two w ere small men of 146.7 cm 
a n d  156.2 cm. E n e rg y  e x p e n d i tu re  ex ce ed ed  in ta k e  in  all c a s e s ,  th e  
l a r g e s t  d if fe re n c e  b e in g  1226 k c a l /d a y .
T h e  m ean p ro te in  in ta k e  of th e  r e t i r e d  men (70 .3  ± 9.7 g /d a y )  was
s ig n if ic a n t ly  low er th a n  all y o u n g e r  g ro u p s  b u t  th e r e  was no d if fe re n ce
b e tw e e n  th e  mean in ta k e  of th e  fa rm ers  (95 .4  ± 16.0 g /d a y )  an d  all 
o th e r  g r o u p s .
In ta k e  o f  p ro te in  p e r  kilogram body  w eight was 1.2 ± 0.2 g / k g / d a y  
fo r  th e  o ld e r  f a rm e rs ,  1.5 ± 0.3 g / k g / d a y  fo r  th e  m idd le -aged  fa rm e rs ,  
a n d  1 .5  ± 0 .2  g / k g / d a y  for th e  s tee l w o rk e rs .  The d if fe re n ces  be tw een  
th e  o ld e r  fa rm e rs  an d  th e se  two g ro u p s  w ere s ig n if ican t .  The in ta k e  of 
th e  r e t i r e d  men was 1.0 ± 0.1  g / k g / d a y  an d  was s ig n if ican tly  lower 
th a n  all g ro u p s  in c lu d in g  th e  o lder  fa rm e rs .  T he  r a n g e  o f  in ta k e  of
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b o th  o ld e r  g ro u p s  was n o t as  g r e a t  as  th a t  o f  th e  y o u n g e r  g ro u p s
(T a b le  6 .1 6 ) .
In  re la t io n  to  e n e r g y  in ta k e ,  b o th  o ld e r  g ro u p s  h ad  a s ig n if ican tly  
h ig h e r  p ro te in  in ta k e  (35 an d  36 g/1000 kca l)  th a n  th e  e x e c u t iv e s  o r  
men in  l ig h t  i n d u s t r y  (31 g/1000 k c a l ) ,  an d  th e  in ta k e  of th e  o lde r  
fa rm e rs  was s ig n if ican t ly  g r e a t e r  th a n  th a t  of th e  y o u n g e r  fa rm e rs .  
T he  c o n t r ib u t io n  of p ro te in  to  th e  e n e rg y  va lue  of th e  d ie t (T ab le  6 .9 )
was sim ilar fo r  two g ro u p s  of y o u n g e r  men (s te e l  w o rk e rs  an d  c lerica l
w o rk e r s )  a n d  th e  two o lde r  g ro u p s  (app rox im ate ly  14 p e r c e n t ) .
T he  fa t  in ta k e  of th e  r e t i r e d  men in  pa ra l le l  with e n e rg y  in ta k e  
was s ig n if ic a n t ly  lower th a n  all g ro u p s ,  an d  i t  was also lower th a n  all 
o th e r  g ro u p s  as  a p e r c e n ta g e  of e n e rg y  in ta k e .  Similarly th e  fa t in ta k e  
o f  th e  o ld e r  fa rm ers  was s ig n if ican tly  lower th a n  th e  g ro u p s  with th e  
g r e a t e s t  e n e r g y  in ta k e ,  i . e . ,  th e  fa rm ers  and  th e  s tee l w o rk e rs ,  b u t  
n o t  from th e  fo u r  g ro u p s  whose e n e rg y  in ta k e  was no t s ig n if ican tly
d i f f e r e n t  from them .
T he  mean calcium in ta k e  of th e  r e t i r e d  men was 807 ± 213 m g /d a y ,  
w hich  w as s ig n if ican tly  lower th a n  all g ro u p s  ex cep t b u i ld in g  and
c le r ica l  w o r k e r s , b u t  in  re la t io n  to  e n e rg y  in ta k e  th e r e  was no 
s ig n if ic a n t  d if fe re n c e  be tw een  the  in ta k e  of 397 mg/1000 kcal of th is
g ro u p  a n d  th a t  of th e  y o u n g e r  g ro u p s .  The in ta k e  of th e  o lde r
fa rm e rs  (461 mg/1000 kcal)  was s ign if ican tly  h ig h e r  th a n  th a t  of th e  
b u i ld in g  an d  l ig h t  i n d u s t r y  w o rk e rs .
Mean in ta k e  of iro n  p e r  1000 k ilocalories  was no t s ig n if ican tly  
d i f f e r e n t  b e tw een  th e  o lde r  and  y o u n g e r  g ro u p s ,  and  th e  lowest in ta k e s  
w ere  8 .9  m g /d a y  re c o rd e d  b y  one r e t i r e d  man and  one c le rica l w o rk e r .  
T he  r a n g e  of mean in ta k e s  p e r  1000 kcal fo r  all g ro u p s  was 5 .7  -
6 .1  mg/1000 k c a l /d a y .
Women. Comparison of th e  r e s u l t s  of e n e rg y  and  n u t r i e n t  in ta k e  
m e asu re m en ts  of th e  g ro u p  of fo u r  o lde r  women with th o se  of th e  
h o u sew iv es  who lived  alone and  were of mean age  66 ± 2 .6  y e a r s
re v e a le d  no s ig n if ican t  d if fe re n ces  be tw een  th e  g ro u p s .  The small 
g ro u p  is  n o t  u s e d  in  th e  com parisons which follow. Comparison of o lde r
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a n d  y o u n g e r  g r o u p s  of women a re  b a s e d  on one g ro u p  of o ld e r  women, 
( th e  h o u sew iv es  who lived  alone) of whom th e  m ajority  w ere r e t i r e d  
from w ork  o u ts id e  o f  th e  home.
T he  m ean e n e r g y  e x p e n d i tu r e  of th e  o ld e r  housew ives  (1987 ± 248 
k c a l /d a y )  was s ig n if ic a n t ly  low er th a n  th a t  o f  th e  t h r e e  y o u n g e r  
g r o u p s .  I t  was app ro x im ate ly  13 p e r c e n t  lower th a n  th a t  of th e  
y o u n g e r  ho u sew iv es  an d  of th e  sew ing  w o rk e rs  whose occu p a tio n s  w ere 
s im ilar  to  th o s e  from which some of th e  o ld e r  women h ad  r e t i r e d .  The 
e n e r g y  e x p e n d i tu r e  of n ine  of th e  o ld e r  housew ives  was be tw een  2000 
a n d  2400 k c a l /d a y .  E n e rg y  e x p e n d i tu r e  p e r  kilogram  of th e  g ro u p  of 
o ld e r  women (33 .5  ± 6.2  g / k g / d a y )  was s ig n if ican t ly  low er th a n  th e  
y o u n g e r  hou sew iv es  with family an d  th e  b a k e r y  w o rk e rs  b u t  no t lower 
t h a n  v a lu e s  fo r  th e  sew ing  w o rk e rs .  The d i f fe re n c e s  in  w eigh t be tw een  
th e  g ro u p s  w ere no t s ig n if ic a n t .
T he  def ic it  in  e n e rg y  in ta k e  com pared  to e n e r g y  e x p e n d i tu r e  was 
le ss  in  th e  o ld e r  g ro u p ,  58 ± 166 k c a l /d a y  com pared  to 196 o r  more in  
th e  y o u n g e r  g r o u p s ,  with a minimum s ta n d a r d  dev ia tion  of ±343 kcal 
(T ab le  6 .4 ) .  Mean e n e rg y  in ta k e  was s ig n if ican t ly  lower in  th e  o lde r  
g ro u p  (1917 ± 322 k c a l /d a y )  com pared  to th e  b a k e r y  w o rk e rs  o n ly .  
T he  d i f fe re n c e  in  mean daily  e n e rg y  in tak e  be tw een  th e  sew ing  w o rk e rs  
a n d  th e  o ld e r  housew ives  was approx im ate ly  10 p e r c e n t .
Mean p ro te in  in ta k e  was not s ig n if ican tly  d i f f e re n t  ex c e p t  in  
com parison  to  th e  b a k e ry  w o rk e rs ,  an d  th e re  was no d if fe re n ce  in  
in ta k e  p e r  k ilogram  be tw een  th e  g ro u p s  (1 .1  ± 0 .3  g / k g / d a y  fo r  th e  
o ld e r  g ro u p )  n o r  in  in ta k e  p e r  1000 kca l (32 g ) .  P ro te in  in ta k e  as  a 
p e r c e n ta g e  of  e n e r g y  in ta k e  (12.8%) was com parable to all g ro u p s
e x c e p t  th e  b a k e r y  w o rk e rs .
Mean fa t  in ta k e  was not s ign if ican tly  d i f fe re n t  be tw een  th e  o lde r  
a n d  y o u n g e r  h o u sew iv es ,  b u t  th e  o lder  housew ives  h ad  a s ig n if ican t ly  
low er in ta k e  th a n  th e  two g ro u p s  of fa c to ry  w o rk e r s .  The c o n t r ib u t io n  
o f  fa t  to  th e  e n e r g y  va lue  o f  th e  d ie t was also low er in  th e  o lde r  g ro u p
(40.1%).
T h e re  was no s ign if ican t d if fe ren ce  be tw een  mean daily  in ta k e  of 
calcium b e tw ee n  th e  o lde r  and  y o u n g e r  g ro u p s  o r  o f  calcium in  re la t io n
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to  e n e r g y  in ta k e  (452 mg/1000 k c a l /d a y ) .  Some v e r y  low in ta k e s  w ere 
r e p o r t e d  in  th e  y o u n g e r  g ro u p s .
Mean i ro n  in ta k e  an d  iro n  in ta k e  p e r  1000 kilocalories  w ere  no t 
s ig n if ic a n t ly  d i f f e re n t  b e tw een  th e  y o u n g e r  a n d  o ld e r  women (11 .1  ± 2 .9  
m g /d a y ,  5 .7  mg/1000 k c a l /d a y ) .  One v e r y  low mean in ta k e  was
r e c o r d e d  fo r  an  o ld e r  woman (3 .2  m g /d a y )  an d  a y o u n g e r  woman (4 .2  
m g / d a y ) ,  b u t  th e  rem a in d e r  h ad  in ta k e s  in  e x c e ss  of 8 .0  m g /d a y .
Men a n d  w om en. Both  g ro u p s  o f  o ld e r  men w ere s ig n if ican tly  
o ld e r  th a n  th e  o ld e r  housew ives  b u t  th e i r  e n e r g y  e x p e n d i tu r e  was 
s ig n if ic a n t ly  h ig h e r .  The r e t i r e d  men w ere com parable  in  e x p e n d i tu re  
to  th e  sew ing  w o rk e rs  and  y o u n g e r  h o u sew iv es ,  b u t  th e  e x p e n d i tu r e  of 
th e  o ld e r  fa rm e rs  ex ce ed ed  th a t  of all g ro u p s  of women.
In  e n e r g y  in ta k e  th e  r e t i r e d  men w ere not s ig n if ican tly  d i f fe re n t  
from o ld e r  o r  y o u n g e r  g ro u p s  of women b u t  th e  in ta k e  of th e  o lde r  
f a rm e rs  was s ig n if ican tly  g r e a t e r .
T he  c o n t r ib u t io n  of p ro te in  to th e  e n e rg y  va lue  of th e  d ie t  ro se  
s l ig h t ly  in  th e  o ld e r  g ro u p s  of men b u t  no t in  th e  g ro u p  of o lde r  
women.
T he  c o n t r ib u t io n  of fat to th e  e n e rg y  va lue  of th e  d ie t of th e  men 
d e c re a s e d  in  p ro p o r t io n  to th e  d rop  in  e n e rg y  i n t a k e , while th a t  of th e  
g ro u p  o f  o ld e r  women showed a te n d e n c y  to decline more th a n  would be 
e x p e c te d  from th e  d e c re ase  in  e n e rg y  in ta k e .
A ssocia tions  be tw een  v a r ia b le s .  The d e g re e  of assoc ia t ion  be tw een  
m e a s u re d ,  o b s e rv e d  and  ca lcu la ted  v a r ia b le s  was found  u s in g  P ea rso n  
P roduct-M om ent co r re la t io n s .  When th e  r e s u l t s  fo r  all male g ro u p s  
in c lu d in g  r e t i r e d  men and  o lde r  fa rm ers  w ere combined (N = 98), th e re  
was a s ig n if ican t  ( r  > 0 .33 , p < 0 .01) assoc ia tion  be tw een  e n e rg y
e x p e n d i tu r e  an d  e n e rg y  in ta k e  ( r  0 .7 3 ) .  When th e  r e s u l t s  for all 
female g ro u p s  w ere combined in c lu d in g  th e  housew ives  who lived  alone 
a n d  th e  fo u r  o lde r  housew ives  (N = 74),  th e r e  was a smaller b u t  also 
s ig n if ic a n t  assoc ia tion  betw een e n e rg y  e x p e n d i tu re  an d  e n e rg y  in ta k e  ( r  
0 .4 9 ) .
T he assoc ia t ion  be tw een  w eight and  e n e rg y  e x p e n d i tu re  was of 
a b o u t  th e  same m agn itude  for men ( r  0 .50) an d  women ( r  0 .4 9 ) ,  b u t
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t h e r e  w as no s ig n if ic a n t  assoc ia t ion  b e tw een  th e  e n e r g y  in ta k e  an d  
w e ig h t o f  women a n d  v e r y  l i t t le  in  men ( r  0 .26 ,  P = 0 .0 0 5 ) .
T h e r e  was a small b u t  s ig n if ican t  assoc ia tion  be tw een  th e  BMI an d  
e n e r g y  e x p e n d i tu r e  o f  men ( r  0 .34) an d  women ( r  0 .42) a n d  a small b u t  
s ig n if ic a n t  n e g a t iv e  assoc ia tion  be tw een  e n e rg y  e x p e n d i tu r e  an d  e n e rg y  
b a la n c e  ( r  - 0 .4 4 ,  r  -0 .3 6 )  fo r  men an d  women re s p e c t iv e ly .
A small s ig n if ican t  n e g a t iv e  assoc ia t ion  was also fo u n d  be tw een  th e  
ag e  a n d  e n e r g y  e x p e n d i tu r e  of men ( r  -0 .3 4 )  com pared  to r  -0 .5 0  fo r  
women. T h e re  was no s ig n if ican t  n eg a t iv e  co rre la t io n  be tw een  th e  age 
a n d  e n e r g y  in ta k e  o f  women in  c o n t ra s t  to men ( r  0 .4 6 ) .
F o r  m en, t h e r e  w ere also similar small n e g a t iv e  assoc ia t ions  
b e tw e e n  ag e  an d  in ta k e  of p ro te in ,  fa t  and  iro n  b u t  no t be tw een  age 
a n d  calcium in t a k e .  For women, fa t was th e  only  n u t r i e n t  which 
show ed  e v e n  a small s ig n if ican t  n eg a t iv e  associa t ion  with age ( r  0 .3 7 ) .
T he  in ta k e s  of all n u t r i e n t s  fo r  men and  women w ere s ig n if ican t ly  
r e la te d  to e n e r g y  in ta k e ,  namely e n e r g y  in ta k e  an d  p ro te in  ( r  0 .8 2 ,  r  
0 .7 9 ) ,  e n e r g y  in ta k e  an d  fa t ( r  0 .88 ,  r  0 .8 9 ) ,  e n e rg y  in ta k e  and  
calcium ( r  0 .6 6 ,  r  0 .6 6 ) ,  an d  e n e rg y  in ta k e  an d  iro n  ( r  0 .7 4 ,  r  0 .7 2 ) .
6 .3 .3  Summary of r e s u l t s  of t e s t in g  H yp o th eses  A ( l )  an d  A ( 2 ) .
A (1) D iffe ren ce s  be tw een  occupa tiona l g ro u p s  of th e  same sex  an d  
o f  mean age  50 to  65 y e a r s .  Men. S ign if ican t sy stem atic  d i f fe re n c e s  
w ere  fo u n d  b e tw een  six  d i f fe re n t  occupa tiona l g ro u p s  in  th e  age g ro u p  
50 -  65 y e a r s .  The e n e rg y  e x p e n d i tu re  of th e  fa rm ers  was s ig n if ican t ly  
h ig h e r  a n d  th e  e n e rg y  e x p e n d i tu re  of th e  c le rica l  w o rk e rs  was 
s ig n if ic a n t ly  low er th a n  th a t  of th e  o th e r  g ro u p s .  T hese  d i f fe re n c e s  
w ere  m a in ta ined  w hen e n e rg y  e x p e n d i tu re s  p e r  kilogram b o d y  w eight 
w ere  com pared  a n d  th e re fo re  th e  d if fe re n ces  w ere no t due  solely  to th e  
e f fe c t  o f  w e ig h t .  T h e re  w ere no s ign if ican t d if fe re n ces  be tw een  g ro u p s  
o f  b u i ld in g  an d  l ig h t  in d u s t r y  w o rk e rs  an d  e x e c u t iv e s .  The e n e r g y  
e x p e n d i tu r e  of some men in  th is  age g ro u p  was in  ex ce ss  of 3500 
k c a l /d a y .
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I n ta k e s  o f  e n e r g y  followed th e  same p a t t e r n  b u t  on ly  c lerica l
w o rk e r s  a n d  l ig h t  in d u s t r y  w o rk e rs  a p p e a re d  to  be  in  p o s it iv e  e n e r g y  
b a lan ce  o v e r  th e  week o f  s tu d y .
In d iv id u a l  p ro te in ,  f a t ,  calcium an d  i ro n  in ta k e s  w ere  c losely
a s s o c ia te d  with e n e r g y  in ta k e .
A lth o u g h  th e  age of th e  l ig h t  i n d u s t r y  w o rk e rs  was s ig n if ican tly
g r e a t e r  th a n  th a t  o f  th e  b u ild in g  w o rk e rs ,  show n by  th e  means o f  61 ±
3 .9  a n d  54 + 3 .3  r e s p e c t iv e ly  an d  b y  th e  ra n g e s  55-72 y e a r s  an d  55-57
y e a r s ,  t h e r e  w ere  no s ign if ican t d if fe re n c e s  be tw een  th e se  two similar
o ccu p a t io n a l  g ro u p s  in e n e rg y  e x p e n d i tu re  o r  in ta k e .  The y o u n g e r
g r o u p ,  th e  b u i ld in g  w o rk e rs ,  w ere s ig n if ican t ly  h eav ie r  th a n  th e  l igh t  
i n d u s t r y  w o rk e r s .
Women. Few sign if ican t d if fe re n ces  in  th e  v a r ia b le s  re la te d  to 
e n e r g y  a n d  n u t r i e n t  in tak e  w ere found  be tw een  th e  th r e e  occupa tiona l 
g ro u p s  o f  women of mean age be tw een  50 and  65 y e a r s .  The mean 
e n e r g y  a n d  p ro te in  in ta k e s  of th e  b a k e ry  w o rk e rs  were s ign if ican tly
h ig h e r  th a n  th o se  of the  housew ives .
A lth o u g h  th e  mean e n e rg y  e x p e n d i tu re  o f  th e  g ro u p  of b a k e ry  
w o rk e rs  was 2510 ± 439 k c a l /d a y  it  was not s ign if ican tly  d i f fe re n t  from 
th e  o th e r  g r o u p s ,  b u t  in  e n e rg y  e x p e n d i tu re  p e r  kilogram body  w eight 
th e y  a n d  th e  housew ives  had  s ign if ican tly  h ig h e r  va lues  th a n  th e  sew ­
in g  w o r k e r s .  The e n e rg y  e x p e n d i tu re  of some women in  th is  age g ro u p  
was in  e x c e s s  of  3000 k c a l /d a y .
A com parison  was made betw een two g ro u p s  of women whose o ccu ­
p a t io n s  w ere  similar b u t  whose age was s ig n if ican tly  d i f f e re n t ,  i . e . ,  
sew in g  m achine w o rk e rs  (55 ± 2.5 y e a r s ,  ra n g e  51-60) an d  housew ives  
w ith  family (59 ± 3.3 y e a r s ,  r an g e  54-66 in  which 11 women w ere 60 
a n d  o v e r ) .  No s ign if ican t d if fe rences  were found  betw een  th e  g ro u p s  
in  e n e r g y  in ta k e  o r  e n e rg y  e x p e n d i tu re .  The sew ing w o rk e rs  w ere 
s ig n if ic a n t ly  h e a v ie r  th a n  th e  housew ives .
A (2 )  D iffe rences  betw een  g ro u p s  of th e  same sex  of  mean age  50 
to  65 y e a r s  an d  com parable g ro u p s  o v e r  65 y e a r s . M en.
A ( 2 ) Com parison  b y  age of two g ro u p s  of men of mean age of o v e r  65
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w ith  s ix  g r o u p s  o f  y o u n g e r  men was co n fo u n d ed  b y  th e  d e g re e  o f  
d i f f e re n c e  b e tw e e n  th e  two o lde r  g r o u p s .  The e n e r g y  e x p e n d i tu r e ,  
e n e r g y  in ta k e  a n d  n u t r i e n t  in ta k e  of th e  r e t i r e d  men w ere  s ig n if ican t ly  
low er th a n  th o se  o f  th e  o ld e r  f a rm e rs .  Com parison o f  y o u n g e r  fa rm ers  
w ith  o ld e r  fa rm e rs  show ed th a t  th e  e n e r g y  e x p e n d i tu r e  an d  e n e r g y ,  
f a t ,  calcium an d  i ro n  in ta k e s  of th e  l a t t e r  w ere  s ig n if ican t ly  le s s .  
C om pared  to  all o th e r  g r o u p s ,  e x c e p t  th e  c le r ica l w o rk e r s ,  whose 
e n e r g y  e x p e n d i tu r e  an d  e n e r g y  an d  n u t r i e n t  in ta k e  w ere s ig n if ican tly  
l e s s ,  few s ig n if ic a n t  d i f fe re n c e s  in  th e  v a r ia b le s  w ere  fo u n d .
C om parison  o f  th e  r e t i r e d  men w ith a g ro u p  made up  of a v a r ie ty  
o f  b u i ld in g  w o rk e rs  whose mixed occu p a tio n s  w ere  assum ed  to r e p r e s e n t  
th o s e  from w hich th e y  h ad  r e t i r e d ,  show ed th a t  th e i r  e n e rg y  
e x p e n d i tu r e  an d  e n e r g y  an d  n u t r i e n t  in ta k e s  w ere s ig n if ican t ly  lower 
th a n  th o s e  o f  th e  b u i ld in g  w o rk e r s .  T h e i r  e n e rg y  e x p e n d i tu re  was not 
s ig n if ic a n t ly  d i f f e re n t  from th e  c le r ica l w o rk e rs  b u t  th e i r  e n e r g y ,  
p ro te in  a n d  fa t  in ta k e s  w ere s ig n if ican tly  lower th a n  th o se  of th e  
c le r ica l  w o rk e r s .
Women. Com parison b y  age of one g ro u p  of o lde r  women with 
t h r e e  g r o u p s  of y o u n g e r  women found  th e  e n e rg y  e x p e n d i tu re  of th e  
o ld e r  women was s ig n if ican tly  less  th a n  th a t  of th e  y o u n g e r  g ro u p s .  
E n e rg y  a n d  p r o te in  in ta k e  w ere s ig n if ican tly  d i f fe re n t  from only  one 
g ro u p  a n d  fa t  in ta k e  from two g ro u p s .
Men a n d  women. B oth  g ro u p s  of o lder  men were s ig n if ican tly  
o ld e r  th a n  th e  o ld e r  housew ives  b u t  th e i r  e n e r g y  e x p e n d i tu r e  was 
s ig n if ic a n t ly  h ig h e r .  The r e t i r e d  men w ere com parable in  e x p e n d i tu re  
•£o th e  sew ing  w o rk e rs  an d  y o u n g e r  h o u s e w iv e s , b u t  th e  e x p e n d i tu r e  of 
th e  o ld e r  fa rm e rs  ex ce ed ed  th a t  o f  all g ro u p s  of women.
In  e n e r g y  in ta k e  th e  r e t i r e d  men w ere  not s ig n if ican t ly  d i f fe re n t  
from o ld e r  o r  y o u n g e r  g ro u p s  of women b u t  th e  in ta k e  of th e  o ld e r  
fa rm e rs  was s ig n if ic a n t ly  g r e a t e r .
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T he c o n t r ib u t io n  o f  p ro te in  to  th e  e n e r g y  v a lue  of th e  d ie t ro se  
s l ig h t ly  in  th e  o ld e r  g ro u p s  o f  men b u t  no t in  th e  g ro u p  of o lde r  
women.
T he  c o n t r ib u t io n  o f  fa t  to  th e  e n e r g y  v a lue  o f  th e  d ie t of th e  men 
d e c re a s e d  in  p ro p o r t io n  to  th e  d ro p  in  e n e r g y  in ta k e ,  while th a t  o f  th e  
g ro u p  of o ld e r  women show ed a t e n d e n c y  to  decline  more th a n  would be 
e x p e c te d  from th e  d e c re a se  in  e n e r g y  in ta k e .
6 .3 .4  C onclusions
T he  d i f fe re n c e s  found  in  e n e r g y  e x p e n d i tu r e  and  e n e rg y  an d  
n u t r i e n t  in ta k e  of g ro u p s  of su b je c ts  of mean age be tw een  50 and  65 
y e a r s  com pared  to one a n o th e r  b y  o ccupa tion  an d  com pared  to o lde r  
g ro u p s  b y  ag e ,  sex  an d  p re v io u s  o ccupa tion  w ere  of su ch  a d e g re e  th a t  
t h e y  ca n n o t  re a so n a b ly  be  a s c r ib e d  to c h a n c e .
I t m ay, th e r e f o r e ,  be  concluded  th a t  in  g e n e ra l ,  occupa tion  and  
age  of th e  g ro u p s  w ere  re la te d  to th e  outcome v a r ia b le s .
6 .3 .4 . 1  H y p o th es is  A l . The h y p o th e s i s ,  th a t  in  g ro u p s  o f  men an d  in 
g r o u p s  o f  women aged  50-65 y e a r s  th e r e  would be  system atic  d if fe re n ces  
b e tw ee n  o ccupa tiona l g ro u p s  in :
a) e n e r g y  e x p e n d i tu r e ,  was su s ta in e d  fo r  b o th  men a n d  women;
b )  e n e r g y  in ta k e ,  was su s ta in e d  for men b u t  no t for women;
c)  n u t r i e n t  in ta k e ,  was su s ta in e d  fo r  men, b u t  no t fo r  women.
6 .3 .4 .2  H yp o th es is  A 2 . The h y p o th e s i s ,  th a t  be tw een  g ro u p s  of men 
a n d  b e tw ee n  g ro u p s  of women aged  50-65 y e a r s  an d  com parable g ro u p s  
ag e d  o v e r  65 y e a r s  th e re  would be  sy s tem atic  d i f fe re n c e s  in :
a) e n e r g y  e x p e n d i tu r e ,  was s u s ta in e d  fo r  men and  fo r  women;
b )  e n e rg y  in ta k e ,  was su s ta in e d  for men b u t  no t for women;
c)  n u t r i e n t  in t a k e ,  was su s ta in e d  fo r  men b u t  no t fo r  women.
6 .3 .4 .3  Assoc ia tion  be tw een  v a r ia b le s . T h e re  was a s ign if ican t  d e g re e  of 
assoc ia t ion  be tw een  e n e rg y  in ta k e  and  e n e rg y  e x p e n d i tu r e ,  and  th is  was 
g r e a t e r  fo r  men th a n  for women. Com parably  small b u t  s ig n if ican t
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asso c ia t io n s  b e tw ee n  e n e rg y  e x p e n d i tu r e  an d  w e ig h t ,  BMI, an d  e n e r g y  
b a lan ce  w ere  fo u n d  fo r  b o th  men an d  women. Age a n d  e n e r g y  
e x p e n d i tu r e  w ere  more h ig h ly  n e g a t iv e ly  c o r re la te d  fo r  women th a n  fo r  
m en. T h e re  w ere  s ig n if ican t  n e g a t iv e  a sso c ia t io n s  b e tw een  age  an d  
e n e r g y  in ta k e  an d  in ta k e  o f  all n u t r i e n t s  e x c e p t  calcium fo r  men, b u t  
on ly  b e tw e e n  age  an d  fa t  in ta k e  fo r  women. For b o th  men an d  women 
th e  i n t a k e s  o f  p r o te in ,  f a t ,  calcium an d  i ro n  w ere  s ig n if ican tly  re la te d  
to  e n e r g y  in ta k e .
6 .4  H y p o th es is  B
H y p o th es is  B ( l )  s ta te s  th a t  th e r e  will be  d e s c r ip t iv e  v a r ia t io n s  in 
th e  time a n d  a c t iv i ty  p a t t e r n s  an d  th e  e n e rg y  an d  a c t iv i ty  p a t t e r n s  of 
g ro u p s  o f  s u b je c ts  of mean age  be tw een  50 an d  65 y e a r s  be tw een  
o ccu p a tio n a l  g ro u p s  of th e  same s e x .
H y p o th es is  B (2 ) s ta te s  th a t  th e r e  will be d e s c r ip t iv e  v a r ia t io n s  in  
th e  time an d  a c t iv i ty  an d  e n e rg y  an d  a c t iv i ty  p a t t e r n s  be tw een  
g ro u p s  of th e  same sex  a n d  of mean age b e tw een  50 and  65 y e a r s
an d  of com parable g ro u p s  of age o v e r  65.
T h e se  h y p o th e se s  w ere exam ined b y  c la ss i fy in g  th e  f in d in g s  on 
p a t t e r n s  o f  p h y s ic a l  a c t iv i ty  in  two d if fe re n t  w ays .
6 .4 .1  C lass if ica tion  of p a t t e r n s  of p h y s ic a l  a c t iv i t y .
C lass if ica tion  I . Time an d  e n e rg y  p a t t e r n s  o f  g ro u p s  a re  c lass if ied  
ac c o rd in g  to  time an d  e n e r g y  s p e n t  in  bed  an d  in  " o c c u p a t io n a l" , 
"n o n -o ccu p a t io n a l"  an d  " re la x a t io n ” ac t iv i t ie s .  "N on-occupational"  p lu s  
" re lax a t io n "  ac tiv i t ie s  a re  th o se  u n d e r ta k e n  in  " le isu re"  as opposed  to 
"occupa tiona l"  time. In th e  term inology of th e  FAO/WHO/UNU E x p e r t  
C o n su lta t io n  on E n e rg y  and  P ro te in  R equ irem en ts  (1985) th i s  is  th e
" d is c r e t io n a ry  ac t iv i t ie s"  c a te g o ry  an d  in c lu d es  "optional househo ld  
t a s k s " ,  "soc ia lly  d es irab le  ac t iv it ies"  an d  "ac tiv i ty  fo r  p h y s ic a l  f i tn e s s  
a n d  th e  prom otion  of h e a l th " . The te rm  " re la x a t io n ” ac tiv i t ie s  is u se d  
to  fac i l i ta te  com parison  be tw een  two ty p e s  of g ro u p s .  One g ro u p
c o n s is t s  o f  f a rm e rs ,  housew ives ,  an d  r e t i r e d  men who h ad  no c lear ly  
d is t in g u is h a b le  " le isu re"  time or time d u r in g  w hich all ac tiv i t ie s  could
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b e  lab e lled  ’’d i s c r e t io n a ry ’’ an d  th e  o th e r  of g ro u p s  w h ere  ’’o ccu p a t io n a l” 
a n d  ’’l e i s u r e ” time w ere  d e f in e d .  The f in d in g s  fo r  th e se  two ty p e s  of 
g ro u p s  a r e  sum m arised  b y  th i s  m ethod in  T ab les  6.17 an d  6.18 and
F ig u re s  6 .1  to  6 .6 .  T he  g ro u p s  a re  labelled  A an d  B . The five
g r o u p s  o f  su b je c ts  who make up  G roup B made th e i r  own w ork in g  h o u r s  
some e x t e n t .  T h e y  a re  th e  two g ro u p s  of h o u sew iv es ,  th e  r e t i r e d  men, 
a n d  th e  two g ro u p s  of fa rm e rs .
For housew ives  and  r e t i r e d  men, all s i t t in g  a c t iv i t ie s ,  all w a lk ing , 
p e r s o n a l  an d  d re s s in g ,  an d  ac t ive  r e c re a t io n a l  ac t iv i t ie s  s u c h  as 
d a n c in g ,  bow ling , g a rd e n in g  an d  p la y in g  with c h i ld re n  make up  th e  
’’r e la x a t io n ” c a te g o ry .  For th e  fa rm e rs ,  th e  ’’re la x a t io n ” c a te g o ry  does
n o t in c lu d e  w alking b eca u se  th e y  seldom w alked e x ce p t  in  th e  co u rse  of
fa rm in g  a c t iv i t ie s .  For all five g r o u p s ,  time an d  e n e rg y  e x p e n d e d  in  
all a c t iv i t ie s  o th e r  th a n  ’’r e la x a t io n ” o r  " b e d ” a re  c a te g o r is e d  fo r  
com parison  with G roup A as ’’occupa tiona l p lu s  n o n -o c c u p a t io n a l” 
a c t iv i t ie s .  T h is  c a te g o ry  is  in  e f fec t  ’’w o rk ” as opposed  to 
’’r e la x a t io n ” . The c a te g o ry  of n o n -o ccu p a tio n a l  "w o rk ” is  made up  of 
n o n - s i t t in g  hou seh o ld  ta s k s  and  sh o p p in g .  For women who w ork 
o u ts id e  o f  th e  house  an d  for some m e n , th e s e  ta s k s  a re  not 
d i s c r e t io n a r y .  G roup A and  Group B , th e r e f o r e ,  do not h ave  a 
com parab le  ’’d i s c r e t io n a ry ” o r  ’’le isu re"  ac tiv i t ie s  c a te g o ry ,  b u t  h av e  a 
com parab le  " re lax a tio n "  c a te g o ry .
C lass if ica tion  I I . Time and  e n e rg y  p a t t e r n s  of g ro u p s  are  c lass ified  b y  
time a n d  e n e rg y  ex p e n d e d  in  b e d ,  on p e r s o n a l  a c t iv i t ie s ,  in  s i t t in g  
a c t iv i t ie s ,  w alk ing , sh o p p in g  and  in  s ta n d in g  a c t iv i t i e s /” l igh t  a c t iv i ty ” , 
"m odera te  a c t iv i ty " ,  "h eav y  a c t iv i ty ” an d  " v e ry  h e a v y  a c t iv i ty " .  
C lass if ica tion  of  ac t iv i t ie s  in to  th e  l a t t e r  th r e e  ca te g o r ie s  was made 
u s in g  th e  leve ls  of e n e rg y  cost p u b l ish e d  b y  C h r is te n se n  (1953) and  
c i te d  b y  D u rn in  an d  Passm ore (1967) fo r  a r e fe re n c e  man w eigh ing  
65 k g  a n d  th o se  of D urn in  and  Passm ore (1967) for a r e fe re n c e  woman 
o f  55 k g .  T hese  a u th o rs  u s e d  the  te rm s " l ig h t" ,  "m oderate"  and  
" h e a v y "  to  d e s c r ib e  w ork which falls in to  th e  following r a n g e s  which 
a re  also g iven  in  T ab les  5.2 and  5 .3 .  " L ig h t" ,  "m o d era te" ,  "heavy"  and
128
v e r y  h e a v y ” le v e ls  o f  a c t iv i ty  c o r re s p o n d  to e n e rg y  c o s ts  o f  2 .0  -  4 .9 ,  
5 .0  -  7 .4 ,  7 .5  -  9 .9  a n d  10.0 -  12.4 kca l /m in  re s p e c t iv e ly  fo r  m en, a n d
1.5  -  3 .4 ,  3 .5  -  5 .4 ,  5 .5  -  7 .4  an d  7 .5  -  9 .5  kca l/m in  fo r  women. 
A c tiv i t ie s  h a v e  b e e n  a s s ig n e d  to th e se  ca te g o r ie s  b y  th e  ac tu a l  e n e r g y  
co s t  to  th e  in d iv id u a l  of a specif ic  a c t iv i ty .  T he f in d in g s  a re  
sum m arised  b y  th i s  m ethod in  T ab les  6 .1 9 ,  6 .20 ,  6 .2 1 ,  a n d  6.22 an d  
F ig u re s  6 .7 -6 .1 4 .
T h e  e f fe c t  of ap p ly in g  an a r b i t r a r y  ad ju s tm en t fo r  w eigh t to  th e  
time s p e n t  b y  th e  g ro u p  o f  fa rm ers  in  ac t iv i t ie s  in  each  c a te g o ry  is  
show n in  T ab le  6 .2 5 .  The assum ptions  w ere made th a t  ac t iv it ie s  w ith a 
m e a s u re d  e n e r g y  cos t of 5 kca l/m in  o r  more inv o lv ed  movement of th e  
whole b o d y  mass an d  th a t  th e re fo re  th e  e n e r g y  co s ts  of th e se  ac t iv i t ie s  
w ould b e  d i r e c t ly  p ro p o r t io n a l  to  th e  g ro s s  b o d y  w eight (D u rn in  and  
P a ssm o re ,  1967). The e n e rg y  co s ts  of each  a c t iv i ty  of each  fa rm e r  
w hich fell in to  th e  m odera te  and  above ca teg o r ie s  on th e  b a s is  of 
m e a su re d  co s t  was r e d u c e d  b y  7 p e r c e n t  fo r  each  inc rem en t of 5 k g  in  
w e igh t o v e r  65 k ilog ram s.
T he  r e s u l t  o f  th e  ad ju s tm en t was to d ec re a se  b y  57 m in /d a y  th e  
mean time s p e n t  on ac tiv it ie s  with an  e n e rg y  cost of 5 kca l/m in  o r  o v e r ,  
a n d  t h u s  to  r e d u c e  th e  mean p e rc e n ta g e  of time s p e n t  on them to 8 
p e r c e n t  com pared  to 12 p e r c e n t .  The p e rc e n ta g e  of e n e rg y  o u tp u t  
s p e n t  on  th e s e  ac t iv i t ie s  was r e d u c e d  from 29 p e r c e n t  to  13 p e r c e n t .
A d ju s tm e n ts  w ere  no t made for an y  o th e r  g ro u p  b e ca u se  o f  th e  
small p e r c e n ta g e  of time and  e n e rg y  c o n t r ib u te d  b y  com parable 
a c t iv i t ie s .
6 .4 .2  H y p o th e s is  B ( l )  V aria tions  in  time and  e n e rg y  p a t t e r n s  of 
p h y s ic a l  a c t iv i ty  of g ro u p s  of men and  g ro u p s  of women mean age 50 -  
65 y e a r s  b y  o c c u p a t io n .
6 . 4 .2 .1  C o n tr ib u t io n  of ’’occupa tiona l” ac t iv i t ie s ,  ”d i s c r e t io n a r y ” 
a c t iv i t ie s  a n d  b e d  to  time and  e n e rg y  p a t t e r n s .
M en . T h re e  of th e  five g ro u p s  of u r b a n  w o rk e rs  (G roup  A, 
T ab les  6 .17 an d  6 .1 8 )—th e  b u ild in g ,  l igh t  i n d u s t r y  an d  c lerica l
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w o rk e r s  s p e n t  com parable  p e rc e n ta g e s  of time in  "occupa t iona l” 
a c t iv i t ie s  (27 , 26 an d  27 p e rc e n t  r e s p e c t iv e l y ) , in  " re lax a tio n "  p lu s  
"n o n -o c c u p a t io n a l  w ork" ac tiv it ies  (39, 41 and  39 p e r c e n t ) ,  an d  in  b e d  
(34 , 33 a n d  34 p e r c e n t )  O vertim e w ork was common in  th e s e  g r o u p s .  
At le a s t  one  th i r d  o f  th e  su b jec ts  w orked  overtim e d u r in g  th e  s tu d y  
w eek .  T he  time an d  a c t iv i ty  p a t t e r n  of th e se  g ro u p s  d i f fe re d  only  in  
p e r c e n ta g e  o f  time s p e n t  b y  th e  l igh t i n d u s t r y  w o rk e rs  in  n o n - s i t t in g  
h o u se h o ld  t a s k s  a n d  sh o p p in g  ("n o n -o ccu p a t io n a l  w ork" c a t e g o r y ) ,  
w hich  w as 10 p e r c e n t  com pared  to  5 p e rc e n t  and  6 p e r c e n t  of th e  o th e r  
two g r o u p s .  (F ig u re s  6 . 1 . a -  6 . 6 . a)
T he  s te e l  w o rk e rs  and  ex ecu tiv e  w o rk ers  h ad  a fa ir ly  similar time 
a n d  a c t iv i ty  p a t t e r n  d u r in g  th e  week of s tu d y  b eca u se  th e  s tee l  
w o rk e r s  w ere  w ork in g  only fo u r  s h if ts  p e r  w eek. P e rc e n ta g e  time 
s p e n t  in  "occupational"  ac t iv it ies  was 19 p e rc e n t  and  20 p e r c e n t ,  in 
" re la x a t io n "  p lu s  "non -occupa t iona l  w ork" ( " d is c re t io n a ry "  ac t iv i t ie s )  
was 44 p e r c e n t  an d  48 p e r c e n t ,  and  in  b ed  was 37 p e rc e n t  and  32 
p e r c e n t  fo r  s tee l  w o rk e rs  and  e x ec u tiv e s  re s p e c t iv e ly .  The main 
d i f f e re n c e  b e tw een  th e  g ro u p s  was th e  5 p e rc e n t  g r e a te r  time s p e n t  in  
b e d  b y  th e  s tee l  w o rk e rs .  O ccupational p lu s  non -occu p a tio n a l  w ork 
a c c o u n te d  fo r  29 to 36 p e rc e n t  of th e  time.
F a rm e rs ,  who w ere c lass ified  as h av in g  a Group B occu p a tio n ,  
s p e n t  com parab le  am ounts  of time in  b ed  (33 p e rc e n t )  and  s l ig h t ly  le ss  
in  " re la x a t io n "  (31 p e r c e n t )  th a n  th e  o th e r  g ro u p s  of men ex ce p t  for 
l ig h t  i n d u s t r y  w o rk e rs .  The time th e y  s p e n t  in  "occupational"  p lu s  
" n o n -o ccu p a t io n a l"  ac t iv it ies  (F ig u re  6 . 3 . a) was iden tica l to the  l a t t e r  
g ro u p  (36 p e r c e n t )  as was th e i r  "re laxa tion"  time (31 p e r c e n t )  an d  time
"in  b e d "  (33 p e r c e n t ) .
T he  e n e r g y  and  ac t iv i ty  p a t te r n s  of two g ro u p s ,  th e  b u ild in g  
w o rk e r s  a n d  l igh t  i n d u s t r y  w o rk e rs ,  were iden tica l 41 p e r c e n t ,  42 
p e r c e n t  a n d  17 p e rc e n t  of mean to ta l daily  e n e r g y  e x p e n d i tu re  in 
"occupa t iona l"  ac t iv i t ie s ,  "d isc re t io n a ry "  ac tiv it ies  and  b ed  re s p e c t iv e ly .  
T h e y  d i f f e re d  in  th e  composition of "d isc re t io n a ry "  ac t iv i t ie s ,  6 p e r c e n t  
o f  e n e r g y  b e in g  s p e n t  in  "optional househo ld  ta sk s "  b y  th e  b u i ld in g  
w o rk e rs  com pared  to 14 p e rc e n t  by  th e  l igh t in d u s t r y  w o rk e rs .  The
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p a t t e r n  o f  e n e r g y  e x p e n d i tu r e  of th e  e x e c u t iv e s  was v e r y  d i f f e re n t  from 
g r o u p s  w ith  sim ilar to ta l  daily  e n e r g y  e x p e n d i tu r e  s u c h  as  th e  l ig h t  
i n d u s t r y  w o rk e r s .  T h e ir  p e r c e n ta g e  e n e r g y  e x p e n d i tu r e  in  
" o ccu p a t io n a l"  ac t iv i t ie s  was 22 p e rc e n t  (com pared  to 41 p e r c e n t )  an d  
t h e i r  e n e r g y  e x p e n d i tu r e  in  " d is c re t io n a ry "  ac t iv it ie s  61 p e r c e n t ,  o f  
w h ich  46 p e r c e n t  was th e  " re laxa tion"  com ponent.  (T ab le  6.18 an d  
F ig u re s  6 . 1 . b - 6 . 6 . b )
T he  s te e l  w o rk e rs  also s p e n t  a h ig h  p e rc e n ta g e  o f  e n e r g y  in  
" d i s c r e t io n a ry "  a c t iv i ty  (54 p e rc e n t  o f  w hich 39 p e rc e n t  was 
" re la x a t io n " )  b e c a u se  th e y  w ere u n d e rem p lo y ed .  The fa rm e rs  e x p e n d e d  
a v e r y  low p e r c e n ta g e  of e n e rg y  in  " re lax a tio n "  ac t iv i t ie s  (19 p e r c e n t ) , 
w h ich  r e f le c te d  b o th  th e i r  g r e a t e r  e n e rg y  e x p e n d i tu r e  an d  th e  
s e d e n ta r y  n a t u r e  o f  th e i r  " re laxa tion"  ac t iv i t ie s .
When e n e r g y  e x p e n d e d  in n o n -o ccu p a tio n a l  w ork an d  re lax a tio n  
was com pared  to occupa tiona l e n e rg y  e x p e n d i tu re  each  g ro u p  h ad  a 
d i f f e r e n t  p a t t e r n .  The e n e rg y  e x p e n d e d  in  n o n -o ccu p a tio n a l  w ork  b y  
th e  e x e c u t iv e s  was tw o - th i rd s  of th a t  s p e n t  in  occupa tiona l ac t iv i t ie s  
(410 a n d  640 k c a l /d a y  r e s p e c t iv e ly )  an d  in  re la x a t io n  ac t iv i t ie s  was 
tw ice t h a t  o f  occupa tiona l ac t iv it ie s .  The c o r re s p o n d in g  f ig u re s  for 
l ig h t  i n d u s t r y  a n d  clerical w o rk ers  w ere o n e - th i rd  in  non -o ccu p a tio n a l  
w ork  a n d  tw o - th i rd s  and  one an d  o n e - th i r d  times th e  e n e rg y  
e x p e n d i tu r e  in  occupa tiona l ac t iv i t ie s ,  r e s p e c t iv e ly .  The p e rc e n ta g e  of 
e n e r g y  e x p e n d e d  in  bed  v a r ie d  acc o rd in g  to to ta l  daily  e n e rg y  
e x p e n d i tu r e  an d  was 14 p e r c e n t  for th e  fa rm ers  an d  22 p e r c e n t  fo r  th e  
c le r ica l  w o r k e r s .
Women. The two g ro u p s  of women fa c to ry  w o rk e rs  s p e n t  similar 
p e r c e n ta g e s  of to ta l  time in  "occupational"  a c t iv i t ie s ,  25 p e rc e n t  an d  24 
p e r c e n t ,  in  " d is c re t io n a ry "  ac t iv i t ie s ,  40 p e rc e n t  and  44 p e r c e n t ,  and  
in  b e d  32 p e r c e n t  each .  T hey  s p e n t  id en tica l  p e r c e n ta g e s  of time (14 
p e r c e n t )  in  "non -o ccu p a t io n a l  w ork " (n o n - s i t t in g  househo ld  ta s k s  and  
s h o p p in g ) .  Similarly to th r e e  g ro u p s  of men, overtim e w ork  was 
p e r fo rm e d  b y  a t  le as t  o n e - th i rd  of th e  women.
T he  housew ives  with family s p e n t  28 p e rc e n t  of time in  "o ccu ­
p a t io n a l"  p lu s  "n on -occupa t iona l  work" a c t iv i t ie s .  T h is  was 3 -  4
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p e r c e n t  more th a n  th e  ' 'o ccupa t iona l” time o f  th e  fa c to ry  w o rk e r s .  
When th e s e  two f ra c t io n s  w ere summed for  th e  f a c to ry  w o r k e r s , th e y  
am oun ted  to  38 an d  39 p e rc e n t  of tim e. Times s p e n t  on " re la x a t io n ” 
a c t iv i t ie s  (37 p e r c e n t )  an d  in  b ed  (35 p e r c e n t )  w ere  g r e a t e r  th a n  th o se  
o f  th e  f a c to ry  w o rk e rs  (28 an d  30%).
T he  e n e r g y  an d  ac t iv i ty  p a t t e r n s  of th e  sew ing  machine w o rk e rs  
a n d  b a k e r y  w o rk e rs  were also n e a r ly  id e n t ica l .  The p e r c e n ta g e s  o f  
e n e r g y  e x p e n d e d  on "occupational"  ac t iv i t ie s  w ere  32 p e r c e n t  an d  33 
p e r c e n t ,  on  " d is c re t io n a ry "  ac tiv it ies  50 p e r c e n t ,  an d  on b ed  18 p e rc e n t  
a n d  17 p e r c e n t .  T he  e n e rg y  ex p e n d e d  in  n o n -o ccu p a tio n a l  w ork  was 
a p p ro x im a te ly  tw o - th i rd s  of th a t  s p e n t  in occupa tiona l ac t iv i t ie s  (490 
co m p ared  to  740 k c a l /d a y  an d  540 com pared  to 850 k c a l /d a y ,  
r e s p e c t iv e ly .  For th e s e  women th e  t a s k s  m aking up  n o n -o ccu p a tio n a l  
w ork  cou ld  no t be  a c c u ra te ly  d e s c r ib e d  as op tional househo ld  ta s k s  
b e c a u se  th e y  w ere e s se n t ia l  to th e  ru n n in g  of th e  househ o ld .
T he  e n e r g y  p a t t e r n  of th e  housew ives  com pared  to  th e  o th e r  
g r o u p s —b e d  (20 p e rc e n t )  an d  " re laxa tion"  ac t iv i t ie s  (34 p e rc e n t )  — 
re f le c te d  th e  g r e a t e r  time s p e n t  in  th e se  a c t iv i t ie s .  E n e rg y  e x p e n d e d  
in  "w o rk in g "  ac t iv it ie s  ( i . e . ,  "occupational p lu s  n o n -occupa tiona l"  
c a te g o ry )  was 46 p e rc e n t  of to ta l  daily  e n e rg y  e x p e n d i tu r e .
T he  two g ro u p s  of fac to ry  w o rk e rs  e x p e n d e d  ha lf  th e  e n e rg y  in  
r e la x a t io n  th a t  th e y  did  in  occupa tiona l p lu s  n o n -o ccu p a tio n a l  w ork 
a c t iv i t ie s  while th e  housw ives  s p e n t  t h r e e - q u a r t e r s .  The e n e rg y  
a c c o u n te d  fo r  b y  re laxa tion  in  the  g ro u p s  of fa c to ry  w o rk e rs  was 28 
a n d  29 p e r c e n t .
6 .4 .2 .2  C o n tr ib u t io n  of specific  ac t iv it ies  and  ac tiv it ies  c a te g o r ise d  b y  
leve l o f  e n e r g y  cost to time and  e n e rg y  p a t t e r n s .
Men. The r e s u l t s  d isc u sse d  in  th is  sec tion  a re  shown in  T ab les  
6 .1 9 ,  6 .20  an d  6.23 and  F ig u re s  6.7 to 6 .11 . The p e rc e n ta g e  of time 
s p e n t  in  b e d  was similar for five of th e  six g ro u p s  of men (33 -  34 
p e r c e n t ) ,  an d  th e  co n tr ib u t io n  of th is  a c t iv i ty  to e n e rg y  e x p e n d i tu re  
was low est fo r  th e  g ro u p  with h igh  e n e rg y  e x p e n d i tu re  ( fa rm e rs )  a t 15
132
p e r c e n t  a n d  g r e a t e s t  fo r  th e  g ro u p  w ith  low e n e r g y  e x p e n d i tu r e
(c le r ic a l  w o rk e r s )  a t  22 p e r c e n t .
S i t t in g  ac t iv i t ie s  occup ied  10£ h o u rs  o r  44 p e r c e n t  o f  th e  d a y  for 
c le r ica l  w o rk e r s  a n d  c o n t r ib u te d  43 p e r c e n t  o f  t h e i r  e n e r g y  e x p e n ­
d i t u r e .  F o r  l ig h t  i n d u s t r y  w o rk e rs  th e y  occup ied  n e a r ly  6 h o u rs  o r  24
p e r c e n t  o f  th e  d ay  an d  c o n t r ib u te d  18 p e r c e n t  to  th e i r  e n e r g y  e x p e n d i ­
t u r e .  T he  g r e a t e r  p ro p o r t io n  of th e  s i t t in g  ac t iv i t ie s  of th e  fa rm ers  
a n d  l ig h t  i n d u s t r y  w o rk e rs  was " re lax a tio n "  ac t iv i t ie s  w h ereas  all th e  
o th e r  g r o u p s  s p e n t  time in  s i t t in g  at w o rk .  The time s p e n t  in  s i t t in g  
b y  th e  e x e c u t iv e s  was 9 .1  h o u rs  p e r  d a y ,  b y  th e  b u i ld in g  w o rk e rs  8 .1  
h o u r s  p e r  d a y  a n d  b y  th e  s tee l w o rk e rs  and  fa rm e rs  app ro x im ate ly  7 
h o u r s  p e r  d a y .  S teel w o rk e rs  an d  b u i ld in g  w o rk e rs  s a t  while w aiting  
fo r  su p p l ie s  to a r r iv e .  The c o n t r ib u t io n  of s i t t in g  to e n e r g y
e x p e n d i tu r e  was lowest for th e  fa rm ers  (17 p e r c e n t ) .  S i t t in g  was th e  
a c t iv i ty  on which th e  g r e a te s t  p ro p o r t io n  of th e  mean to ta l  daily  e n e rg y  
e x p e n d i tu r e  of th e  b u ild in g  w o rk ers  (27 p e r c e n t ) ,  e x e c u t iv e s  (32 
p e r c e n t )  a n d  c lerica l w o rk ers  (43 p e r c e n t )  was s p e n t .  (F ig u re  6 . 7 . a 
a n d  6 . 7 . b )
O nly  th e  fa rm ers  sp e n t  more th a n  3 p e rc e n t  of time in  ac t iv it ie s  
c la s s i f ie d  as  "m o d era te" , " h e a v y " and  "v e r y  h e a v y " . The mean time 
s p e n t  b y  them  p e r  day  was 12 p e rc e n t  o r  2 .9  h o u r s ,  an d  th is  c o n t r ib ­
u te d  29 p e r c e n t  of th e i r  daily  e n e rg y  e x p e n d i tu r e .  Most of th e i r  
a c t iv i t ie s  a t  th i s  level were occupational ex c e p t  fo r  danc ing  done b y  two 
f a r m e r s .
T he  s te e l  w o rk e rs  sp e n t  more time in  "heavy"  (13 m inu tes )  th a n  in  
"m o d era te"  a c t iv i ty  (9 m inu tes) b eca u se  te n d in g  th e  fu rn a c e s  b y  
sh o v e l l in g  in  s lag  an d  g ra v e l  was v e ry  a rd u o u s  la b o u r .  T he time s p e n t  
on  i t  p e r  s h i f t  n e v e r  exceeded  1 h o u r  an d  i t  was p oss ib le  fo r  a sh if t  to 
p a s s  w ith o u t th e  fu rn a c e  b e in g  ta p p e d .  "M oderate" to "h eav y "  a c t iv i ty  
c o n t r i b u te d  5 p e r c e n t  of th e  e n e rg y  e x p e n d i tu re  of th e  s tee l  w o rk e rs
a n d  was all occupa tiona l .
T he  b u i ld in g  w o rk e rs  sp e n t  41 m in /d ay  on "m oderate"  a c t iv i ty ,
w hich  c o n t r ib u te d  16 p e r c e n t  of e n e rg y  e x p e n d i tu r e .  T h is  was more 
th a n  th e  s te e l  w o rk e r s .  Most of th e  ac tiv it ies  w ere o ccupa tiona l,  b u t
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one man cy c led  a n d  a n o th e r  p a in te d  h is  house  a t  e n e rg y  c o s ts  o f  more 
th a n  5 k c a l /m in .
T he  19 m in /d a y  which th e  ex ec u tiv e s  s p e n t  on "m odera te"  a c t iv i ty  
w ere  all s p e n t  on non -occupa tiona l  re c re a t io n a l  ac t iv i t ie s  s u c h  as  golf 
a n d  g a r d e n i n g ,  an d  c o n t r ib u te d  5 p e rc e n t  o f  th e i r  e n e rg y  e x p e n d i tu r e .
T h e  men in  l ig h t  i n d u s t r y  s p e n t  a neg lig ib le  am ount of time in  
"m o d era te"  ac t iv i t ie s  e i th e r  a t w ork or  in  le isu re  time, b u t  th e y  s p e n t  a 
to ta l  o f  8 .6  h o u r s  in  " ligh t"  ac tiv i t ie s  (48 p e rc e n t  of th e i r  e n e r g y  
e x p e n d i t u r e ) .  (F ig u re  6 . 8 . a) This  exceeded  th e  time s p e n t  b y  all o th e r  
g r o u p s ,  w hich v a r ie d  from 3.1 to 6 .0  h o u rs  p e r  d a y .  This  was th e  
c a te g o ry  in to  w hich most " rec rea t io n a l"  ac t iv i t ie s  an d  "optional 
h o u se h o ld "  ac t iv i t ie s  in c lu d in g  sh o p p in g  fell. It was th e  s ing le  ac t iv i ty  
on  w hich  f a rm e rs ,  s tee l w o rk ers  and  l ig h t  i n d u s t r y  w o rk e rs  s p e n t  th e  
g r e a t e s t  p ro p o r t io n  of th e i r  to ta l e n e rg y  e x p e n d i tu re  (25, 34 and  48 
p e r c e n t  r e s p e c t i v e l y ) .
P e rc e n ta g e  of time (5 to 6 p e r c e n t )  s p e n t  on w alking was similar 
fo r  fo u r  g r o u p s —th e  fa rm e rs ,  s tee l ,  l igh t i n d u s t r y  an d  c lerical w o rk e rs  
—a n d  w as ap p rox im ate ly  1.5 h o u r s /d a y .  The b u ild in g  w o rk e rs  and  
e x e c u t iv e s  w alked for a mean time o f  2.2 an d  2 .1  h o u r s  p e r  day  
r e s p e c t iv e ly ,  which was 9 p e rc e n t  of th e  day  and  c o n t r ib u te d  22 
p e r c e n t  an d  19 p e rc e n t  of th e i r  e n e rg y  e x p e n d i tu r e .  (F ig u re s  6 .1 2 . a 
a n d  6 .1 2 .b )  The two g ro u p s  d if fe re d  in  th e  d is t r ib u t io n  of th e  time 
s p e n t  in  w alk ing , th e  bu ild in g  w o rk ers  walked mainly a t work and  th e  
e x e c u t iv e s  in  " le isu re"  time (Table  6 .2 3 ) .  The l ig h t  i n d u s t r y  w o rk e rs  
d id  l i t t le  w alk ing  at work an d ,  with th e  excep tion  of th e  b u ild in g  
w o rk e rs  a n d  th e  fa rm e rs ,  more walking was done in  " le isu re"  th a n  in 
w o rk in g  time.
Walking was no t always an ac t iv i ty  which fell in to  th e  "m oderate"  
r a n g e  o f  e n e r g y  co s t .  For only two clerical w o rk ers  and  two e x ec u t iv e s  
was th e  co s t  of w alking in  excess  of 5 kca l/m in ,  b u t  all s tee l w o rk e rs  
an d  most fa rm e rs  an d  bu ild ing  w orkers  exceeded  th is  level.  The mean 
p e r c e n ta g e  co n tr ib u t io n  of walking to mean e n e rg y  e x p e n d i tu ie  of th e  
g ro u p s  v a r ie d  from 12 p e rc e n t  for the  fa rm ers  to 22 p e rc e n t  fo r  th e  
b u i ld in g  w o rk e r s .  The mean e n e rg y  ex p en d ed  p e r  day  b y  each  g ro u p
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in  w a lk ing  was approx im ate ly  370 k ilocalories  each  b y  c lerica l a n d  l ig h t  
i n d u s t r y  w o rk e r s ,  approx im ate ly  460 k ilocalories  each  b y  fa rm e rs  and  
s te e l  w o r k e r s ,  520 kilocalories b y  ex e c u tiv e s  an d  670 kilocalories  by  
b u i ld in g  w o rk e r s .
Women. The r e s u l t s  d isc u sse d  in  th i s  sec tion  a re  shown in  T ab les  
6 .2 1 ,  6 .22  a n d  6.23 and  F ig u re s  6.7 to  6 .11 .
T he  p e rc e n ta g e  of time sp e n t  in  b ed  was g r e a te s t  fo r  th e  h o u s e ­
w ives (37 p e r c e n t )  an d  th e  same for b o th  g ro u p s  of fa c to ry  w o rk e rs  (32 
p e r c e n t ) ,  c o n t r ib u t in g  20, 18 and  17 p e rc e n t  to th e  mean e n e rg y
e x p e n d i tu r e  of each  g ro u p .
S i t t in g  ac t iv it ie s  occupied  30 p e rc e n t  of th e  day  fo r  th e  sew ing  
w o r k e r s ,  28 p e r c e n t  for th e  housew ives  and  26 p e rc e n t  for th e  b a k e ry
w o r k e r s ,  o r  be tw een  6.2 and  7.2 h o u r s ,  c o n t r ib u t in g  be tw een  19 an d  24
p e r c e n t  o f  mean daily  e n e rg y  e x p e n d i tu re .  T h e re  was a d if fe re n c e  in  
th e  s i te  of th e  a c t iv i ty .  The b a k e ry  w o rk ers  s p e n t  a mean time of 50 
m inu tes  s i t t in g  at w ork and  5.2 h o u rs  s i t t in g  in  ’’le isu re"  tim e, while
th e  sew ing  w o rk e rs  sa t  for 2.9 h o u rs  at w ork and  fo r  4 .4  h o u r s  in
" le isu re "  tim e. T h e re  was no g roup  similar in  occupa tion  to  male 
c le r ica l  w o rk e r s ,  whose work cons is ted  p r im arily  of s i t t in g  ac t iv i t ie s .
T he  b a k e r y  w o rk ers  sp e n t  th re e  times as much time in  "m o d era te" 
a c t iv i ty  ( e n e r g y  c o s t ,  3.5 -  5.4 kcal/m in) as the  o th e r  two g ro u p s .  A 
mean time p e r  day  of 1.4 h o u rs  was s p e n t  in  th is  ac t iv i ty  com pared  to 
m eans o f  23 m inutes  for the  housew ives and  24 m inu tes  fo r  th e  sew ing  
w o r k e r s .  Twelve b a k e ry  w orkers  re c o rd e d  some "m oderate"  a c t iv i ty  in  
n o n -w o rk in g  time and  six of th e se  also had  "m oderate" ac t iv i ty  at w ork . 
One woman w orked  a t th e  "m oderate" level on ly  in  h e r  o ccupa tion .
Few o f  th e  women sp e n t  more th a n  1 h o u r  d u r in g  th e  day  in  
"m o d era te"  a c t iv i ty .  One excep tion  was a woman who w orked  as a 
c le a n e r  in  th e  b a k e r y .  She av e ra g ed  h o u r s /d a y  in  "m oderate"  
a c t iv i ty  a n d  70 m inu tes  in "heavy  a c t iv i ty " ,  h e r  g r e a te s t  e x p e n d i tu re  on 
one d ay  b e in g  9 h o u rs  in  "m oderate" and  o v e r  2 h o u r s  in  h eav y  
a c t iv i ty .  One v e r y  obese  woman sp en t 5 h o u r s /d a y  and  almost 9 h o u r s  
on  one d a y  in  "m oderate"  phys ica l  a c t iv i ty .  T hese  were women aged  45
to  50.
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T he  o ccu p a t io n s  o f  th e  m ajority  o f  sew ing  w o rk e rs  c o n s is te d  of
" l ig h t"  a c t iv i ty  an d  s i t t i n g , b u t  two s p e n t  most o f  th e i r  w ork in g  time in
a c t iv i t ie s  o f  "m odera te"  e n e r g y  c o s t .  F o u r  sew ing  w o rk e rs  p e r fo rm e d
h o u se h o ld  t a s k s  a t  th e  "m odera te"  leve l .  E ig h t  hou sew iv es  also
r e c o r d e d  h o u sew o rk  a t th i s  le v e l ,  and  th r e e  h ad  r e c re a t io n a l  ac t iv i t ie s
go lf ,  d a n c in g  an d  g a r d e n in g —which re a c h e d  th e  "m odera te"  level o f
e n e r g y  e x p e n d i tu r e .  One woman who h ad  a p a r t - t im e  job in  a c a n te e n
a v e r a g e d  2J h o u r s  p e r  d ay  in  "m odera te"  a c t iv i ty .  The c o n t r ib u t io n  o f
"m o d era te"  ac t iv i ty  to  e n e r g y  e x p e n d i tu r e  was 14 p e r c e n t  fo r  th e
b a k e r y  w o rk e r s ,  6 p e r c e n t  fo r  th e  sew ing  w o rk e r s ,  an d  7 p e r c e n t  fo r
th e  h o u sew iv es .
All th e  g ro u p s  of women s p e n t  o v e r  one h o u r  a day  in  w a lk in g . 
T he  sew in g  w o rk e rs  s p e n t  18 m inu tes  of "occupational"  time a n d  63
m in u tes  o f  " le isu re"  time, while th e  b a k e r y  w o rk e rs  s p e n t  25 m inu tes  of
"occupa t iona l"  time an d  41 m inutes  of " le isu re"  time in  th is  a c t iv i ty .  
T o ta l time s p e n t  in  w alking was 5 to  6 p e r c e n t  of th e  day  an d  
c o n t r ib u te d  9 p e r c e n t  of th e  e n e rg y  e x p e n d i tu re  of th e  housew ives  and  
11 p e r c e n t  of th e  e n e r g y  e x p e n d i tu re  of the  two g ro u p s  of fa c to ry  
w o rk e r s  (T ab le  6 .2 3 ) .
Walking for all e x ce p t  two of th e  b a k e ry  w o rk e rs ,  s ix  of th e  
sew ing  w o rk e rs  an d  12 of th e  housew ives  was a "m oderate"  a c t iv i ty .
T he  mean e n e r g y  e x p e n d e d  p e r  d ay  on w alking was 206 k ilocalories  
b y  th e  h o u sew iv es ,  260 k ilocalories  b y  th e  sew ing  w o rk e r s ,  an d  283 
k iloca lo r ies  b y  th e  b a k e ry  w o rk e rs .
S ta n d in g  ac tiv it ie s  an d  " ligh t"  ac t iv i ty  made th e  g r e a te s t  
c o n t r ib u t io n  o f  an y  a c t iv i ty  to w ard s  th e  mean to ta l  daily  e n e rg y  
e x p e n d i tu r e  of all th e  g ro u p s  (37 p e r c e n t  fo r  h o u sew iv es ,  33 p e r c e n t  
fo r  s ew in g  w o rk e r s ,  and  32 p e r c e n t  for b a k e ry  w o r k e r s ) .
6 .3 .4  H y p o th es is  B (2 ) V aria tions  in  time an d  e n e rg y  p a t t e r n s  of 
p h y s ic a l  a c t iv i ty  be tw een  com parable g ro u p s  of mean age be tw een  50 
a n d  65 y e a r s  an d  com parable g ro u p s  of mean age o f  o v e r  65.
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6 .4 .3 . 1  C o n tr ib u t io n  o f  "o ccu p a t io n a l” a c t iv i t ie s ,  " d is c re t io n a ry "
a c t iv i t ie s  a n d  b e d  to  time an d  e n e r g y  p a t t e r n s . M en. T he time and  
a c t iv i ty  p a t t e r n s  o f  fa rm e rs  in  th e  two age g ro u p s  w ere  v e r y  s im ilar.  
B o th  s p e n t  31 p e r c e n t  of time in  " re lax a tio n "  a c t iv i t ie s .  O lder fa rm ers  
s p e n t  3 p e r c e n t  more of th e i r  time in  b e d ,  36 p e rc e n t  com pared  to  33 
p e r c e n t .
T he time an d  a c t iv i ty  p a t t e r n  o f  th e  r e t i r e d  men was un lik e  any  
o th e r  g ro u p  b e c a u se  of th e  v e r y  small p e r c e n ta g e  of time (13 p e r c e n t )  
w hich  th e y  s p e n t  in  "occupational"  p lu s  " n o n -o ccu p a t io n a l  w ork" 
a c t iv i t ie s ,  i . e . ,  "w ork" an d  th u s  th e  g r e a t e r  p e r c e n ta g e s  of time sp e n t  
in  " re la x a t io n "  ac t iv i t ie s  (48 p e r c e n t )  an d  in  b e d  (39 p e r c e n t ) .
T h e  e n e rg y  an d  ac t iv i ty  p a t t e r n s  of th e  two g ro u p s  of fa rm e rs  
d i f f e re d  c o n s id e ra b ly .  The o lder fa rm ers  e x p e n d e d  49 p e r c e n t  of th e i r  
to ta l  e n e r g y  e x p e n d i tu re  in  th e  "occupational p lu s  n o n -o ccu p a tio n a l  
w ork"  c a te g o ry  while th e  y o u n g e r  g ro u p  e x p e n d e d  67 p e r c e n t .  The 
o ld e r  men s p e n t  13 p e rc e n t  more of th e i r  e n e rg y  e x p e n d i tu r e  in 
" r e la x a t io n "  ac t iv i t ie s  th a n  th e  y o u n g e r  men. The e n e rg y  and  a c t iv i ty  
p a t t e r n  of th e  r e t i r e d  men did  not resem ble  an y  o th e r  g ro u p  s ince  60 
p e r c e n t  o f  mean to ta l  daily  e n e rg y  was s p e n t  in  " re lax a tio n  ac t iv i t ie s .
Women. T he o lde r  an d  y o u n g e r  g ro u p s  of housew ives  s p e n t  th e  
same p e rc e n ta g e  of time in  " re laxa tion"  a c t iv i t ie s ,  b u t  th e  housew ives  
who l iv ed  alone s p e n t  5 p e r c e n t  more of th e i r  time in  b ed  and  th u s  5 
p e r c e n t  le s s  time on domestic d u t ie s .  Compared to th e  fa c to ry  w o rk e rs  
th e y  s p e n t  16 p e r c e n t  le ss  time in  "work" ac t iv i t ie s .
T he  e n e rg y  p a t t e r n s  of th e  housew ives  d if fe re d  in  th e  
p e r c e n ta g e  o f  e n e rg y  sp e n t  on househo ld  ac tiv it ies  b y  th e  y o u n g e r  
women (43 p e r c e n t )  an d  th e  o lde r  women (34 p e r c e n t ) .  T h is  d if fe re n ce  
o f  9 p e r c e n t  was d iv ided  be tw een  th e  e n e rg y  s p e n t  on " re laxa tion"  
a c t iv i t ie s ,  w hich was 41 p e rc e n t  fo r  th e  housew ives  alone an d  36 
p e r c e n t  fo r  th o se  with families, an d  th a t  s p e n t  m  b e d ,  which a t  25 
p e r c e n t  w as a h ig h e s t  of all g ro u p s  of men a n d  women.
Men an d  Women. Time s p e n t  in  b e d  b y  r e t i r e d  men was similar to 
t h a t  of th e  o lde r  housew ives  (40 p e r c e n t )  b u t  th e  housew ives  s p e n t
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almost tw ice  as  much time in  'O ccu p a tio n a l” p lu s  "n o n -o c c u p a t io n a l ,r 
t a s k s  i . e . ,  "w o rk " .
6 .4 .3 . 2  C o n tr ib u t io n  of specific  ac t iv i t ie s  a n d  ac t iv i t ie s  c a te g o r is e d  b y  
leve l o f  e n e r g y  cos t to  time an d  e n e r g y  p a t t e r n s .
Men. The g ro u p  of o lde r  fa rm e rs  (mean age 73 y e a r s )  s p e n t  a 
mean o f  0 .6  h o u r s  p e r  day  more in  b e d  th a n  y o u n g e r  fa rm ers  an d
1 .9  h o u r s  p e r  d ay  more in  "lig h t"  a c t i v i t y . T h ey  s p e n t  2 h o u r s  p e r  
d a y  le s s  in  "m odera te"  a c t iv i ty  an d  h a d  no "h eav y "  o r  " v e ry  h eav y "  
a c t iv i t i e s .
T he  time s p e n t  in  w alking was 15 m in /d ay  le ss  th a n  th e  y o u n g e r  
f a r m e r s .
T he  mean daily  e n e r g y  e x p e n d i tu r e  of th e  o lde r  fa rm e rs  was 
sim ilar to th a t  of th e  b u i ld in g  w o rk e r s ,  an d  th e  amount of time s p e n t  on 
"m odera te"  a c t iv i ty  was id en tica l  to  th e i r s .
" L ig h t"  ac t iv i t ie s  p ro v id e d  th e  g r e a t e s t  p e rc e n ta g e  of e n e rg y  
e x p e n d i tu r e  fo r  b o th  g ro u p s  of f a rm e rs ,  b u t  th i s  was 37 p e r c e n t  for 
th e  o ld e r  fa rm e rs  com pared  to  25 p e r c e n t  fo r  th e  y o u n g e r  men.
No d i r e c t  com parison  of th e  r e t i r e d  men (mean age 72 y e a r s )  w ith 
a g ro u p  to which th e y  be longed  b e fo re  re t i r e m e n t  can  be  made. The 
g ro u p  th e y  most c losely  resem bled  in  time a n d  e n e rg y  p a t t e r n s  of 
spec if ic  ac t iv i t ie s  was th e  b u i ld in g  w o rk e r s .  The time s p e n t  b y  b o th  
g ro u p s  in  s i t t in g  (8 .1  and  8 .3  h o u rs  p e r  d ay )  an d  in  w alking (2 .2  and  
2 h o u r s  p e r  d ay )  w ere s im ilar. The r e t i r e d  men s p e n t  1.5 h o u rs  p e r  
d a y  more in  b e d ,  1 h o u r  p e r  day  le ss  in  " l igh t  a c t iv i ty " ,  an d  a 
n eg l ig ib le  am ount of time in  "m oderate"  ac t iv i ty  in  which th e  b u i ld in g  
w o rk e r s  s p e n t  41 m inutes  p e r  d a y .  If  th e se  d if fe re n c e s  in d ica te  
c h a n g e s  in  a c t iv i ty  on r e t i r e m e n t , th e y  would be  su ff ic ie n t  to d e c re a se  
e n e r g y  e x p e n d i tu r e  b y  the  approx im ate ly  700 kilocalories  o r  23 p e r c e n t  
w hich  was th e  d if fe re n ce  be tw een  th e  e n e rg y  e x p e n d i tu re  o f  th e  r e t i r e d  
men a n d  th e  g ro u p  of b u ild in g  w o rk e r s .  The d e c re a se  in  e n e rg y  
e x p e n d i tu r e  b e tw een  th e  y o u n g e r  an d  o lde r  g ro u p s  of fa rm e rs  was 19 
p e r c e n t .
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Women. T he  d if fe re n c e  in  mean age  b e tw een  th e  o lde r  g ro u p  of 
h o u sew iv es  l iv in g  alone (mean age 66 y e a r s )  an d  th e  y o u n g e r  g ro u p s  o f  
women was n o t  as  g r e a t  as  th a t  be tw een  th e  o ld e r  and  y o u n g e r  g ro u p s  
o f  m en , b u t  some d if fe re n c e s  in  a c t iv i ty  p a t t e r n  w ere e v id e n t .
T h e  time s p e n t  in  b e d  b y  th e  o lde r  women was 1.3 h o u rs  p e r  day  
more th a n  th e  y o u n g e r  housew ives and  2 h o u r s  p e r  day  more th a n  b o th
g r o u p s  o f  f a c to ry  w o rk e r s .  T hey  s p e n t  abou t 30 m inutes  less  p e r  day
in  p e r s o n a l  n e c e s s i t ie s .  T hey  d id  no t s p e n d  an y  time in  "m o d e ra te” 
a c t iv i ty  while two of  th e  y o u n g e r  g ro u p s  s p e n t  abou t 40 m inutes  an d  
one s p e n t  86 m inu tes  p e r  d ay  in  th is  a c t iv i ty .
L ess  time in  " ligh t"  ac t iv it ies  an d  a l i t t le  more time in  s i t t in g
ac t iv i t ie s  was s p e n t  b y  th e  o lde r  housew ives  th a n  th e  o th e r  g r o u p s ,  b u t  
th e  time th e y  s p e n t  in  w alking (66 m in /d ay )  was id en tica l  to th a t  of two 
o f  th e  t h r e e  y o u n g e r  g r o u p s .
T he  d i f fe re n c e s  in  ac t iv i ty  p a t t e r n s  r e s u l t e d  in  a d if fe re n ce  of 
a p p ro x im a te ly  300 k c a l /d a y  o r  13 p e r c e n t  be tw een  th e  e n e rg y  
e x p e n d i tu r e  of th e  o lde r  women com pared  to th e  y o u n g e r  housew ives  
a n d  to  th e  sew ing  w o rk e r s ,  a g ro u p  whose occupa tion  was similar to 
th a t  from w hich some of th e  o lde r  women had  r e t i r e d .
Men a n d  Women. Comparison of th e  r e t i r e d  men an d  the  o lde r  
h o u sew iv es  show ed th a t  th e  men s p e n t  1 h o u r /d a y  more in  s i t t in g  2 
h o u r s / d a y  le ss  in  " ligh t"  ac t iv i ty  and  1 h o u r /d a y  more in  w alk ing . 
(T a b le s  6 .19 an d  6.21 an d  F ig u re s  6 . 7 . a ,  6 . 8 . a a n d  6 .1 2 .a)
6 .4 .4  Sum m ary of d e s c r ip t iv e  v a r ia t io n s  of H ypo thes is  B .
B (1) V aria t ions  in  time and  e n e rg y  p a t t e r n s  of  occupa tiona l g ro u p s
o f  m ean age  50 to  65 y e a r s .
a )  Male g ro u p s  c lass ified  b y  "occupational"  a c t iv i t ie s ,  " d i s c r e -  
t io n a ry "  a c t iv i t ie s  an d  b e d . Two p a t t e r n s  w ere fo u n d .  Similar time 
a n d  a c t iv i ty  p a t t e r n s  of approx im ate ly  27 p e rc e n t  of to ta l  time s p e n t  in  
"occupa t iona l"  ac t iv i t ie s ,  40 p e rc e n t  s p e n t  in  "d isc re t io n a ry "  o r  
t! n o n - o ccu p a tio n a l  w ork" p lu s  " re laxa tion  ac tiv i t ie s  an d  33 p e rc e n t  
s p e n t  in  b e d  w ere d isce rn ib le  for th r e e  g ro u p s  of men, th e  b u i ld in g ,  
l ig h t  i n d u s t r y  a n d  c lerical w o rk e rs .  Steel w o rk e rs  an d  e x ec u tiv e s  had
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a p a t t e r n  o f  ap p rox im ate ly  20 p e rc e n t  of time s p e n t  in  "o ccu p a t io n a l” 
a c t iv i t i e s ,  b e tw ee n  39 and  44 p e rc e n t  in  " d is c re t io n a ry "  ac t iv it ie s  and  
b e tw e e n  32 a n d  37 p e r c e n t  in  b e d .
T he  fa rm e rs  could  no t be com pared  to  th e  o th e r  g ro u p s  on th e  
b a s is  o f  "occupational"  an d  "d is c re t io n a ry "  a c t iv i t ie s ,  b u t  w hen times 
s p e n t  on  all a c t iv i t ie s  a p a r t  from th o se  de f ined  as " re lax a tio n "  o r  b ed  
w ere  co m p ared ,  fa rm e rs  and  l igh t in d u s t r y  w o rk e rs  d isp la y ed  a p a t t e r n  
in  w hich  36 p e rc e n t  of time was s p e n t  on "occupational and  
n o n -o c c u p a t io n a l  w ork" (all "occupational"  for fa rm e rs )  a c t iv i t ie s ,  31 
p e r c e n t  on  " re lax a t io n "  ac tiv it ies  and  33 p e rc e n t  in  b e d .
D if fe ren ce s  in  e n e rg y  and  a c t iv ity  p a t t e r n s  w ere most obv ious  in 
th e  p e r c e n ta g e s  of e n e rg y  ex p e n d e d  in  le isu re  tim e.
Id e n t ic a l  e n e r g y  an d  ac t iv i ty  p a t t e r n s  w ere d isce rn ib le  fo r  two 
g r o u p s ,  b u i ld in g  an d  l igh t  in d u s t r y  w o rk e r s ,  who had  similar time 
p a t t e r n s  a n d  similar to ta l  e n e rg y  e x p e n d i tu r e .  T hese  c o n s is te d  of 41 
p e r c e n t  o f  mean to ta l  e n e rg y  e x p e n d i tu re  sp e n t  in  "occupational"  a c t iv ­
i t i e s ,  42 p e r c e n t  s p e n t  in  " d is c re t io n a ry "  ac tiv i t ie s  and  17 p e r c e n t  
s p e n t  in  b e d .
One g ro u p ,  th e  e x e c u t iv e s ,  had  a v e r y  low p e rc e n ta g e  of e n e rg y  
e x p e n d e d  in  "occupational"  ac t iv it ies  (22 p e r c e n t )  and  a v e ry  h igh  
p e r c e n ta g e  e x p e n d e d  in " re laxa tion"  ac tiv i t ie s  (46 p e r c e n t ) ,  while th e  
fa rm e rs  e x p e n d e d  a v e r y  low p e rc e n ta g e  of e n e rg y  (19 p e rc e n t )  in 
" re la x a t io n "  ac t iv i t ie s .
T he  p ro p o r t io n s  of time and  e n e rg y  allocated to the  two 
com ponen ts  of " d is c re t io n a ry "  ac t iv i ty  v a r ie d  be tw een  g r o u p s ,  some 
g r o u p s  s p e n d in g  n e a r ly  twice as much time and  e n e rg y  on n o n - s i t t in g
h o u seh o ld  t a s k s  as  o th e r s .
b )  Male g ro u p s  c lass ified  b y  specific  a c t iv i t ie s . O ccupation  a ffec ted  
th e  am ount of time and  e n e rg y  sp e n t  on th e  ac tiv it ies  l is ted  in  T ab les  
6 .19  a n d  6 .2 0 .  D iffe rences  were also e v id en t in  th e  d is t r ib u t io n  of th e  
a c t iv i t ie s  b e tw ee n  "occupational"  and  " le isu re"  time.
P a t t e r n s  b a s e d  on specific  ac t iv it ies  were la rg e ly  d e te rm ined  by  
th e  am ount of time s p e n t  in  s i t t in g ,  which v a r ie d  from 24 p e rc e n t  for 
l ig h t  i n d u s t r y  w o rk e rs  to 44 p e rc e n t  fo r  clerical w o rk e rs .  S it t in g  was
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th e  p r in c ip a l  com ponent of th e  e n e r g y  a n d  a c t iv i ty  p a t t e r n  o f  th r e e  
g r o u p s ,  th e  e x e c u t iv e s ,  c le r ica l an d  b u i ld in g  w o rk e rs  while " l ig h t” 
a c t iv i ty  was th e  p r in c ip a l  com ponent o f  th e  p a t t e r n s  o f  th e  s te e l  and  
l ig h t  i n d u s t r y  w o rk e rs  an d  th e  fa rm e rs .
S i t t in g  was a v e r y  dom inant a c t iv i ty  fo r  c le r ica l w o rk e r s ,  c o n ­
t r i b u t i n g  43 p e r c e n t  of th e i r  e n e rg y  e x p e n d i tu r e  in  c o n t r a s t  to 18 
p e r c e n t  o f  th e  e n e r g y  e x p e n d i tu re  o f  l ig h t  i n d u s t r y  w o rk e r s .  For th e  
l a t t e r  g ro u p  a n d  th e  f a rm e rs ,  s i t t in g  was mainly a " re lax a t io n "  a c t iv i ty .
T he  fa rm e rs  w ere v e r y  d i f fe re n t  from th e  o th e r  g ro u p s  in  th e  
am ount o f  time (2 .9  h o u r s /d a y )  s p e n t  in  ac t iv i t ie s  at o r  above th e  level 
of 5 k c a l /m in ,  on which 29 p e r c e n t  of th e i r  mean to ta l  daily  e n e rg y  was 
e x p e n d e d .  T h e i r  e n e rg y  an d  ac t iv i ty  p a t t e r n  d if fe re d  s u b s ta n t ia l ly  
from all o th e r  g ro u p s  b ecau se  of th e  g r e a t e r  am ount of e n e rg y  
e x p e n d e d  in  ac t iv i t ie s  of "m oderate" o r  g r e a t e r  e n e r g y  c o s t ,  which 
c o n t r ib u te d  29 p e r c e n t  of mean to ta l daily  e n e rg y  e x p e n d i tu r e .
T he  b u i ld in g  w o rk e rs  an d  th e  s tee l w o rk ers  b o th  s p e n t  time at th e  
"m o d era te"  an d  above level of w ork , an d  th is  c o n t r ib u te d  16 and  5 p e r ­
c e n t  o f  e n e r g y  e x p e n d i tu re  re sp e c t iv e ly .
For th e s e  th r e e  g ro u p s ,  "m oderate" ac tiv it ies  w ere mainly "o ccu p a­
tional"  w h e reas  fo r  th e  ex ecu tiv es  th e y  were all re c re a t io n a l  and  
c o n t r ib u te d  5 p e r c e n t  of e n e rg y  e x p e n d i tu r e .
T he  fa rm e rs  an d  s tee l w o rk e rs  g ro u p s  in c lu d ed  in d iv id u a ls  whose
ac t iv i t ie s  re a c h e d  th e  "heavy"  o r  "v igo rous"  ac t iv i ty  level of 7.5
k c a l /m in .
Most r e c re a t io n a l  and  optional househo ld  ac t iv it ie s  fell in to  th e
" l ig h t"  a c t iv i ty  c lass if ica t ion .
No a c t iv i t ie s  w ere done specifically  fo r  p h y s ic a l  f i tn e s s  an d  th e  
p rom otion  o f  h e a l th .  The time sp e n t  on w alking b y  all g ro u p s  of men 
was b e tw e e n  1* an d  2 h o u r s /d a y .  Farm ers  d id  all th e i r  w alking an d  
b u i ld in g  w o rk e rs  most of i t  d u r in g  w o rk ,  while th e  o th e rs  g ro u p s  and  
th e  e x e c u t iv e s  in  p a r t i c u la r  walked mainly in  le isu re  time. In all
g ro u p s  12 p e r c e n t  o r  more of e n e rg y  e x p e n d i tu re  was c o n t r ib u te d  b y
w a lk in g .
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C) Female g ro u p s  c lass if ied  b y  "occupational"  a c t iv i t ie s ,
" d i s c r e t io n a ry "  ac t iv i t ie s  an d  b e d .  T he time a n d  a c t iv i ty  p a t t e r n s  and  
e n e r g y  a n d  a c t iv i ty  p a t t e r n s  of th e  two g ro u p s  o f  fa c to ry  w o rk e rs  w ere 
almost id e n t ic a l  an d  w ere d is t in c t ly  d i f f e re n t  from th o se  o f  th e  
h o u sew iv es  in  th e  same age g ro u p .  The time p a t t e r n s  w e re ,  fo r  th e  
f a c to ry  w o rk e r s ,  25 p e rc e n t  "occupa t iona l" ,  b e tw een  40 and  44 p e rc e n t  
" d i s c r e t i o n a r y " ,  o f  which abou t 29 p e rc e n t  was " re lax a tio n "  an d  32 
p e r c e n t  in  b e d ,  an d  for th e  housew ives  w ere 28 p e r c e n t  "occupational 
p lu s  n o n -o ccu p a t io n a l  w o rk " , 37 p e r c e n t  " re lax a tio n "  ac t iv i t ie s  an d  35 
p e r c e n t  in  b e d .
T he  two e n e r g y  p a t t e r n s  w ere 33 p e r c e n t  "occupa t iona l" ,  50 
p e r c e n t  " d i s c r e t io n a ry " ,  of which 29 p e r c e n t  was s p e n t  in  " re laxa tion"  
a c t iv i t ie s  a n d  17 p e rc e n t  in  b e d  fo r  fa c to ry  w o rk e r s ,  an d  43 p e rc e n t  
"occupa t iona l"  p lu s  "non -occupa t iona l  w o rk " ,  36 p e r c e n t  " re laxa tion"  
a n d  21 p e r c e n t  in  b ed  for housew ives .
d )  Female g ro u p s  c lass ified  b y  specific  a c t iv i t i e s . O ccupation  had  
e f fe c ts  on  th e  time and  e n e rg y  s p e n t  on th e  ac tiv i t ie s  l i s ted  in  T ab les  
6 .21  a n d  6.22 a l th o u g h  the  r a n g e  of occupa tions  d id  not inc lude  women 
w ith  s e d e n ta r y  occupa tions  or with th o se  r e q u i r i n g  a v e r y  h ig h  level of 
p h y s ic a l  a c t iv i ty  from the  m ajority of s u b je c ts  in  th e  g ro u p .
H ousew ives s p e n t  more time in  b ed  th a n  women with occupa tions  
o u ts id e  o f  th e  home.
S i t t in g  ac t iv it ie s  occupied  be tw een  26 and  30 p e rc e n t  of th e  day  
fo r  eac h  g r o u p , b u t  th e  sew ing  w o rk e rs  s p e n t  th r e e  times as much time 
in  s i t t in g  a t  w ork  as th e  b a k e ry  w o rk e rs .
T h e  b a k e r y  w o rk e rs  w ere c lea r ly  d is t in g u ish e d  from th e  o th e r  
g ro u p s  b y  th e  amount of time sp e n t  b y  them on "m oderate"  ac t iv i ty  
(ap p ro x im a te ly  % h o u r  com pared to 1? h o u rs )  and  i t s  c o n t r ib u t io n  to 
e n e r g y  e x p e n d i tu r e ,  which at 14 p e rc e n t  was twice th a t  of th e  o th e r  
g r o u p s .  Few er o f  th e  sew ing w o rk e rs  r e p o r te d  "m oderate"  a c t iv i ty ,  
a n d  th e  am ount of "m oderate" ac t iv i ty  of th e  g ro u p  was la rg e ly  su p p lie d  
b y  th e  e n e r g y  e x p e n d i tu re  of two women.
142
O ne housew ife  an d  two b a k e ry  w o rk e rs  also  c o n tr ib u te d  d is p ro p o r ­
tio n a te  am oun ts  o f "m oderate"  a c tiv ity  to  th e  to ta ls  o f th e  g ro u p s . 
G rea t in te r - in d iv id u a l  v a r ia tio n  was fo u n d  in  all g ro u p s .
H ouseho ld  ta s k s  o f "m oderate" e n e rg y  co s t w ere  u n d e r ta k e n  b y  
m ore b a k e ry  w o rk e rs  and  housew ives th a n  sew ing  w o rk e rs . T he sew ing  
w o rk e rs  th e re fo re  s p e n t more time in  s i t t in g  a t w ork  an d  le ss  tim e in  
"m o d era te"  a c t iv ity  a t w ork  an d  a t hom e.
T he g r e a te r  p ro p o r tio n  o f w alk ing  done b y  th e  em ployed women 
to o k  p la ce  in  " le isu re "  tim e. I t was a "m odera te"  a c t iv ity  fo r th e  
m a jo rity  o f th e  b a k e ry  w o rk e rs  an d  th e  housew ives an d  fo r s ix  o f th e  
sew in g  w o rk e rs .
T he  s in g le  g ro u p  of ac tiv itie s  w hich c o n tr ib u te d  th e  g re a te s t  
p e rc e n ta g e  o f m ean da ily  e n e rg y  e x p e n d itu re  was th e  " lig h t"  a c tiv ity  
c a te g o ry  in  w hich w ere in c lu d ed  most o b lig a to ry  o ccu p a tio n a l ta sk s  an d  
re c re a tio n a l  a c tiv itie s  a p a r t  from w alk ing .
B (2 ) V aria tio n s  in  tim e an d  e n e rg y  p a t te r n s  be tw een  age g ro u p s  of 
m ean age  b e tw een  50 an d  65 y e a rs  an d  o v e r 65 y e a r s .
a) Male and  female g ro u p s  c la ss ified  b y  "o ccupational"  a c t iv it ie s , 
" d is c re t io n a ry "  a c tiv itie s  an d  b e d . No d iffe re n c e s  w ere found  in  th e  
tim e an d  a c tiv ity  p a t te r n s  o f o ld e r an d  y o u n g e r  f a rm e rs , b u t th e  
p a t t e r n  o f th e  r e t i r e d  men was v e ry  d if fe re n t from th a t  o f all o th e r  
g ro u p s  o f men an d  women.
T h e re  w ere  also d iffe re n c e s  in  th e  time p a t te r n s  o f o ld e r and  
y o u n g e r  h o u sew iv es .
T he e n e rg y  an d  a c tiv ity  p a t te rn s  o f  th e  g ro u p s  o f fa rm e rs  d iffe re d  
s u b s ta n t ia l ly ,  p a r t ic u la r ly  in  th e  p e rc e n ta g e  o f e n e rg y  s p e n t in  "w ork" 
a c t iv i t ie s , an d  th is  d iffe re n ce  was also found  be tw een  th e  o ld e r and  
y o u n g e r  g ro u p s  o f  h o u sew iv es .
b )  Male an d  female g ro u p s  c lass ified  b y  spec ific  a c t iv i t ie s . V a ria ­
tio n s  in  p a t te r n s  o f a c tiv ity  betw een  g ro u p s  o f men o f mean age 50 -  65 
y e a r s  a n d  o f o v e r  65 w ere sim ilar when fa rm ers  in  th e  two age g ro u p s  
w ere  com pared  an d  r e t i r e d  men w ere m atched  w ith a g ro u p  o f b u ild in g
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w o rk e rs .  B o th  o ld e r g ro u p s  s p e n t m ore tim e in  b e d  an d  le ss  time in  
’’m o d e ra te” a c tiv ity  th a n  th e  com parab le  y o u n g e r  g ro u p s .
T h e ir  mean to ta l da ily  e n e rg y  e x p e n d itu re  was n o t low er th a n  all 
y o u n g e r  g ro u p s ;  th a t  o f th e  o ld e r fa rm e rs  (3010 k c a l /d a y )  ex ceed ed  th e  
e n e rg y  e x p e n d itu re  o f th r e e  o f th e  y o u n g e r  g ro u p s  an d  th a t  o f th e  
r e t i r e d  men (2327 k c a l /d a y )  ex ce ed ed  th e  e x p e n d itu re  o f th e  y o u n g e r  
c le rica l w o rk e rs .
T he d if fe r in g  a c tiv itie s  o f com parab le  o ld e r  an d  y o u n g e r  g ro u p s  of 
men r e s u l te d  in  d if fe re n c e s  o f ap p ro x im ate ly  700 k c a l /d a y  in  th e  mean 
to ta l d a ily  e n e rg y  e x p e n d i tu re .  T h is  r e p re s e n te d  a 19 p e rc e n t 
d if fe re n c e  in  th e  e n e rg y  e x p e n d itu re  o f o ld e r  com pared  to  y o u n g e r  
fa rm e rs  an d  a 23 p e rc e n t d iffe re n c e  b e tw een  r e t i r e d  men and  b u ild in g  
w o rk e r s .
T he  v a r ia tio n  in  p a t te r n s  of a c t iv ity  b e tw een  o ld e r an d  y o u n g e r  
g ro u p s  o f women w ere sim ilar to  th o se  o f th e  m en, i . e . ,  th e  o ld e r 
g ro u p  s p e n t m ore time in  b ed  an d  le ss  time in  "m o d era te” a c t iv ity . 
T h e re  was a d iffe re n c e  o f 300 k c a l /d a y  o r ap p ro x im ate ly  13 p e rc e n t 
b e tw ee n  th e  e n e rg y  e x p e n d itu re  of th e  o ld e r g ro u p  of women com pared 
to  th e  com parab le  y o u n g e r  g ro u p .
6 .4 .5  C o n c lu sio n s. I t can  b e  co n c lu d ed  from th e se  com parisons th a t ,  in  
g e n e ra l,  th e  o ccu p a tio n  o f th e  g ro u p s  be tw een  50 an d  65 y e a rs  was 
re la te d  to  th e  am ount o f time an d  e n e rg y  e x p e n d e d  in  daily  ac tiv itie s  
an d  th e  o ccu p a tio n  and  age w ere re la te d  to  th e se  v a r ia b le s  in  g ro u p s  
o v e r  65 y e a r s .
6 .4 .5 .1  H y p o th es is  B l . T he h y p o th e s is ,  th a t  in  g ro u p s  of men an d  in  
g ro u p s  o f women ag ed  50-65 y e a rs  th e re  w ould be d e s c r ip tiv e  v a r ia tio n s  
b e tw een  o ccu p a tio n a l g ro u p s  in :
a) tim e an d  a c tiv ity  p a t te r n s ,  was s u s ta in e d  fo r  men an d  women;
b )  e n e rg y  an d  a c tiv ity  p a t te r n s ,  was su s ta in e d  fo r men an d  
women.
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6 .4 .5 .2  H y p o th es is  B 2 . T he h y p o th e s is  th a t  b e tw ee n  g ro u p s  o f men 
a n d  b e tw ee n  g ro u p s  o f women ag ed  50-65 y e a r s  an d  com parab le  g ro u p s  
ag ed  o v e r  65 y e a r s ,  th e re  w ould b e  d e s c r ip t iv e  v a r ia tio n s  in :
a )  tim e a n d  a c t iv i ty  p a t t e r n s ,  w as s u s ta in e d  fo r  men a n d  women;
b )  e n e rg y  an d  a c tiv ity  p a t t e r n s ,  w as s u s ta in e d  fo r  men an d  
w om en.





7 .1  I n tro d u c t io n . T he re s e a rc h  q u e s tio n s  p o se d  in  C h a p te r  4 cou ld  
n o t b e  a n sw e re d  fu lly  b y  th e  fo rm u la tion  an d  te s t in g  o f sp ec ific  
h y p o th e s e s .  In  th is  c h a p te r  th e y  a re  f u r th e r  c la r if ie d  b y  com paring  
th e  r e s u l t s  w ith  th e  f in d in g s  of m ethodolog ically  sim ilar s tu d ie s  o f 
g ro u p s  o f v a r io u s  a g e s ,  m any o f w hich hav e  b een  p u b lish e d  sin ce  th e  
s tu d ie s  w ere  com pleted .
T he  co n v en tio n  u s e d  in  th e  FAO/WHO/UNU (1985) E x p e rt 
C o n su lta tio n  on E n e rg y  and  P ro te in  R eq u irem en ts  ("UNU ") of 
e x p re s s in g  e n e rg y  re q u ire m e n ts  as m u ltip les  o f BMR ("UNU"-BM R) is 
a p p lied  to  th e  r e s u l t s  o b ta in ed  fo r to ta l e n e rg y  e x p e n d itu re  ("UNU" 
T E E ), to  i t s  com ponent p a r t s ,  nam ely o ccu p a tio n a l an d  n o n -o ccu p a tio n a l 
a c tiv it ie s  an d  to  e n e rg y  in ta k e  ("UNU" T E I).
D iscu ssio n  o f th e  r e s u l ta n t  v a lu es  fo cu ses  on 1) in d iv id u a l and  
g ro u p  BMRs an d  com pares them  w ith  v a lu e s  o b ta in e d  b y  th e  F le isch  
(1951) m ethod ; 2) com parisons o f g ro u p  "UNU" TEE fa c to rs  w ith  one 
a n o th e r  a n d  w ith  o th e r  g ro u p s ; 3) th e  d iffe re n c e s  be tw een  g ro u p s  in  
”UNU,! BMR b a se d  fa c to rs  o f th e  a v e ra g e  e n e rg y  co st of p h y s ic a l 
a c tiv ity  d u r in g  occu p a tio n a l an d  n o n -o ccu p a tio n a l time an d  4) 
com parison  w ith  "UNU" exam ples o f sim ilar w ork c a te g o r ie s .
C om parisons a re  m ade w ith  c u r r e n t  commonly acc e p te d  s ta n d a rd s  
fo r  in ta k e  o f e n e rg y  and  n u t r i e n ts .  E n e rg y  in ta k e  f in d in g s  a re  also 
d is c u s s e d  in  re la tio n  to  th e  co n cep t o f lev e ls  o f e n e rg y  re q u ire m e n t 
b a s e d  on n o rm ative  ju d g em en ts  abou t d e s ira b le  lev e ls  o f a c tiv ity  an d  
d e s ira b le  b o d y  p ro p o r tio n s  made b y  th e  C o n su lta tio n . T he s ta n d a rd  
u s e d  fo r d isc u ss io n  of p ro te in  in ta k e  is  th e  co n cep t o f a safe  leve l o f 
p ro te in  e n d o rse d  in  th e  C o n su lta tio n  r e p o r t .
B ecau se  o f th e  u n u su a l le n g th  of tim e w hich h as  e lap se d  be tw een  
th e  fie ld  s tu d ie s  an d  th is  p re s e n ta tio n  o f th e  r e s u l t s ,  c r it ic a l rev iew s o f 
th e  m ethodology hav e  a p p e a re d  in  th e  l i te r a tu r e .  T hese  h av e  b een  
d is c u s s e d  in  C h a p te r  5 (M ethods) an d  C h a p te r  3 (H is to rica l R eview , 
P a r t  2 ) .  I t was concluded  th a t  th e  m ethods u se d  fo r th e  m easurem ent 
o f e n e rg y  e x p e n d itu re  and  e n e rg y  in ta k e  w ere a p p ro p r ia te  an d  a d eq u a te
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fo r  th e  p r in c ip a l aim of th e  th e s i s ,  i . e . ,  th e  com parison  o f g ro u p  
r e s u l t s .  No f u r th e r  d isc u ss io n  is  in c lu d e d  in  th is  c h a p te r .
Some o f th e  r e s u l t s  o f th e s e  s tu d ie s  h av e  b e e n  re p o r te d  and  
d is c u s s e d  b y  D u rn in , m y se lf, an d  o th e r  m em bers o f th e  re s e a rc h  team . 
S pecific  re fe re n c e  to  th e  g ro u p s  w ere m ade in  th e  follow ing p a p e r s .  
T he  r e t i r e d  women who liv ed  alone w ere th e  su b je c t o f D u rn in , B lake , 
B ro ck w ay , an d  D ru ry ,  (1961b) an d  D u rn in  an d  B lake (1962a); th e  
h o u sew iv es  ag ed  50-65 o f D u rn in , B la k e , A llen , Shaw an d  B lair 
(1961c); th e  fo u r  e ld e r ly  women o f D u rn in  an d  B lake (1962b); th e  
e ld e r ly  men w ere  m en tioned  b r ie f ly  in  D u rn in  (1961); th e  e ld e r ly  s te e l 
w o rk e rs  a n d  th e  two g ro u p s  o f male l ig h t e n g in e e r in g  w o rk e rs  o f 
D u rn in , B lak e , A llen , Shaw , W ilson, B la ir a n d  Yuill (1961a) an d  th e  
e x e c u tiv e s  in  B lake an d  D u rn in  (1963).
Some d a ta  from th e  o th e r  g ro u p s  h a s  a p p e a re d  in  s e v e ra l p u b lic a ­
tio n s  in c lu d in g  D u rn in  (1964), D u rn in  (1966 ), D u rn in  an d  Passm ore 
(1967 ), a n d  D u rn in  (1983).
7 .2  T he 50-65 age g ro u p  -  O ccu p a tio n , to ta l e n e rg y  e x p e n d itu re  and  
p a t te r n s  o f a c tiv ity
7 .2 .1  Men -  to ta l e n e rg y  e x p e n d i tu r e . I t  was show n th a t  occu p a tio n a l 
g ro u p s  c o n s is tin g  o f in d iv id u a ls  ag ed  b e tw een  50 an d  65 y e a rs  h ad  
s ig n if ic a n t d if fe re n c e s  b e tw een  th e ir  m ean to ta l e n e rg y  e x p e n d itu re  
m e asu re d  o v e r  sev en  d a y s . F arm ers  w ere c le a rly  d if fe re n tia te d  from 
g ro u p s  w hose w ork  was m ainly s e d e n ta ry  an d  from g ro u p s  w hose o ccu ­
p a tio n s  e n ta ile d  some p e r io d s  of m odera te  an d  h e a v y  w o rk . T he la t te r  
g ro u p s  w ere  also d is tin g u ish e d  from a g ro u p  o f s e d e n ta ry  c le rica l 
w o rk e rs  b u t  n o t from one a n o th e r  o r  from a g ro u p  o f e x e c u tiv e s  w hose 
p h y s ic a l a c t iv ity  d u r in g  le is u re  tim e m ade them  com parab le  in  to ta l 
e n e rg y  e x p e n d itu re  to  g ro u p s  w hose o ccu p a tio n a l e n e rg y  e x p e n d itu re  
w as g r e a te r .
A d iffe re n c e  be tw een  th e  e n e rg y  e x p e n d itu re  o f two occupa tiona l 
g ro u p s  m ade up  o f men of u n d e r  50 y e a r s ,  co a l-face  m iners and  co llie ry  
c le r k s ,  of 860 k c a l /d a y  (31%) was found  b y  G a rry , e t a l . , (1 9 5 5 ) .  The
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m iners c a r r ie d  ou t h a rd  m anual w ork  an d  th e  c le rk s  w orked  s i t t in g  o r  
s ta n d in g  in  o ff ic e s . T he d iffe re n c e  b e tw een  th e  m ean to ta l e n e rg y  
e x p e n d i tu re s  o f th e  fa rm e rs  an d  c le rica l w o rk e rs  in  th e  th e s is  s e r ie s  o f  
s tu d ie s  was 1400 k c a l /d a y  (62%). T h is  s e d e n ta ry  g ro u p  o f c le r ica l 
w o rk e rs  e x p e n d e d  500 k c a l /d a y  le ss  th a n  th e  co llie ry  c le rk s ,  who w ere 
also  c la ss if ie d  in  th e  same w ay. T he g ro u p  o f e x e c u tiv e s  was more 
com parab le  in  e n e rg y  e x p e n d itu re  to  th e  co llie ry  c le rk s .  T he d iffe re n c e  
b e tw ee n  th e  e n e rg y  e x p e n d itu re  of th e  fa rm e rs  an d  th e  e x e c u tiv e s  was 
890 k c a l /d a y  (32%).
T h is  o ccu p a tio n a l d if fe re n tia l is  i l lu s t r a te d  in  T ab le 7 .1 ,  in  w hich 
th e  e n e rg y  e x p e n d itu re  of s ix te e n  g ro u p s  o f men s tu d ie d  b y  th e  same 
m ethods is  sh o w n . T h re e  g ro u p s  w ere o f m ean age le ss  th a n  25 y e a r s ,  
tw o g ro u p s  w ere o f mean age be tw een  25 an d  35 y e a r s ,  e ig h t g ro u p s  o f 
m ean age  b e tw een  54 an d  61 y e a rs  an d  th r e e  g ro u p s  of mean age b e ­
tw een  70 an d  80 y e a r s .  T he g re a te s t  p e rc e n ta g e  d iffe re n c e s  a re  found  
in  com p arin g  S co ttish  c le rica l w o rk e rs  to  Sw iss fa rm e rs  (67%), [D u rn in , 
B lake a n d  G zell, u n p u b lish e d  d a ta ] ,  a n d  to  S co ttish  fa rm e rs  (62%). 
G roups w ith  o ccu p a tio n s  as s e d e n ta ry  as th a t  o f th e  c le rica l w o rk e rs  
w ere n o t fo u n d  in  th e  o th e r  age ra n g e s  so th e  d if fe re n c e s  co n s id e re d  
a re  b e tw een  g ro u p s  a t th e  u p p e r  en d  o f th e  ra n g e  o f s e d e n ta r in e s s .  In 
each  age  g ro u p  th e re  is  a d iffe re n c e  o f 30 p e rc e n t be tw een  th o se  
o ccu p a tio n s  in  S co tland  in v o lv in g  h a rd  la b o u r an d  th o se  w hich w ere 
co m p ara tiv e ly  s e d e n ta ry .  T h u s , th e  o ccu p a tio n a l d iffe re n c e  in  to ta l 
e n e rg y  e x p e n d itu re  fo u n d  be tw een  g ro u p s  of men of mean age be tw een  
25 an d  35 y e a rs  (m iners  an d  c le rk s )  an d  o f mean age le ss  th a n  25 y e a rs  
[a rm y  c a d e ts ,  (Edholm , e t a l . ,  1955) s tu d e n ts ,  an d  la b o ra to ry  
te c h n ic ia n s ,  (D u rn in , u n p u b lish e d  d a ta ) ]  was m ain ta ined  w hen men o f 
m ean age b e tw een  54 an d  61 y e a rs  w ere s tu d ie d .
S a llis , e t a l . , (1985) s tu d ie d  1006 men ag ed  be tw een  20 an d  74 
y e a r s  u s in g  a s e v e n -d a y  p h y s ic a l a c tiv ity  reca ll an d  es tim ated  e n e rg y  
e x p e n d itu re  on th e  b a s is  of 1 MET = 1 k c a l /k g /h r .  T hey  fo u n d  a 
d iffe re n c e  o f ap p rox im ate ly  800 k c a l /d a y  be tw een  th e ir  m anual g ro u p  
a n d  th e i r  s e d e n ta ry  g ro u p  w hich c o n s is te d  of s tu d e n ts .  T he re p o r te d  
d a ily  e n e rg y  e x p e n d itu re s  of th e  m anual w o rk e rs , b o th  sk illed  and
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u n s k il le d , w ere  s ig n if ic a n tly  g r e a te r  th a n  th o se  o f  all o th e r  o ccu p a tio n a l 
g ro u p s .  L ittle  d iffe re n c e  was found  b e tw een  o ccu p a tio n a lly  com parab le  
g ro u p s  o f u n d e r  65 y e a r s  o f a g e .
W heatcro ft (u n p u b lish e d  m a n u sc r ip t)  ca lcu la ted  th e  co e ffic ien t o f 
v a r ia tio n  o f e n e rg y  e x p e n d itu re  o f a g ro u p  o f 179 a d u lt men w hich 
in c lu d e d  th e  s e r ie s  d is c u s se d  in  th is  th e s is .  She com pared  i t  to  th e  
c o e ff ic ie n ts  o f v a r ia tio n  o f each  o ccu p a tio n a l g r o u p . T h a t o f th e  whole 
g ro u p  w as 21 p e r c e n t ,  b u t in  all b u t one o ccu p a tio n a l g ro u p , i t  was no 
g r e a te r  th a n  15 p e r c e n t .  She concluded  th a t  th e  re d u c tio n  d e m o n s tra t­
ed  th a t  o ccu p a tio n  alone was a good p re d ic to r  o f to ta l e n e rg y  e x p e n ­
d i tu re  .
T h is  w as also t r u e  o f g ro u p s  w hen th e y  w ere com pared  b y  th e  age 
ra n g e s  p re v io u s ly  d e s c r ib e d . C oeffic ien ts  o f v a r ia tio n  o f e n e rg y  e x p e n ­
d i tu r e  in  k ilo ca lo ries  p e r  day  in  th e  ra n g e  1 1 - 1 4  p e rc e n t w ere found  
fo r g ro u p s  o f s tu d e n ts  an d  te c h n ic ia n s , an d  fo r g ro u p s  o f m iners an d  
c le rk s .  T he ra n g e  11 -  15 p e rc e n t was also found  in  th e  g ro u p s  aged  
50-65 (T ab le  7 .2 ) .  T h u s , no t on ly  is  o ccu p a tio n a l g ro u p in g  as good an 
in d e x  of e n e rg y  e x p e n d itu re  in  g ro u p s  ag ed  be tw een  50-65 as in  y o u n g ­
e r  age  g r o u p s , b u t  th e re  is  no g r e a te r  v a r ia tio n  b e tw een  th e  mean 
e n e rg y  e x p e n d itu re  of in d iv id u a ls  in  th e  v a r io u s  age g ro u p s  who a re  in  
sim ilar o ccu p a tio n a l g ro u p s .
T he s ig n if ic a n t d iffe re n c e s  in  w eigh t found  b e tw een  th e  fa rm e rs , 
s te e l w o rk e r s , an d  b u ild in g  w o rk e rs  who s p e n t some time in  m odera te  
an d  h e a v y  p h y s ic a l a c tiv ity  m ight be  e x p e c te d  to  in c re a se  th e  d if fe re n ­
tia l b e tw ee n  th e i r  to ta l e n e rg y  e x p e n d itu re  an d  th o se  o f th e  o th e r  
g ro u p s .  I t  was show n th a t  w hen mean e n e rg y  e x p e n d itu re  p e r  kilogram  
b o d y  w eig h t was c o n s id e re d , th e re  was s till a s ig n if ic a n t d if fe re n c e  
b e tw ee n  th e  fa rm e rs  an d  all o th e r  g ro u p s  an d  be tw een  th e  c le rica l 
w o rk e rs  a n d  all o th e r  g ro u p s . T he co effic ien ts  o f v a r ia tio n  com pared  to  
th o se  o f m ean to ta l e n e rg y  e x p e n d itu re  in  k iloca lo ries  p e r  d ay  in c re a se d  
from  13 p e rc e n t  to  20 p e rc e n t fo r th e  fa rm e rs  in d ic a tin g  th e  wide ra n g e  
in  e n e rg y  e x p e n d e d  b y  in d iv id u a ls , from 14 p e rc e n t to  17 p e rc e n t  fo r 
th e  b u ild in g  w o rk e rs  an d  d e c re a se d  from 15 p e rc e n t to  11 p e rc e n t fo r
th e  s te e l w o rk e rs .
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T he d iffe re n c e  b e tw een  th e  g ro u p s  was m ain ta ined  w hen BMR- 
b a s e d  fa c to rs  fo r to ta l  e n e rg y  e x p e n d itu re  (TEE) w ere co m pared . In  
o r d e r  to  com pare th e  fin d in g s  fo r  TEE to  th e  re q u ire m e n ts  fo r  d if fe re n t 
o ccu p a tio n a l g ro u p s  s u g g e s te d  in  FAO/WHO/UNU (1985) th e y  w ere 
c a lc u la te d  as fa c to rs  o f BMR. The BMR, w hich was em ployed in  all th e  
s tu d ie s  fo r  estim ation  of in d iv id u a l e n e rg y  e x p e n d itu re  w hen asleep  an d  
w hich  w as ca lc u la te d  from th e  su rfa c e  a re a  a f te r  F le isch  (1951), was 
u s e d  as  denom inato r to  o b ta in  one s e t o f BMR fa c to rs  fo r TEE (T ab le  
7 .3 ) .
T he BMR, d e r iv e d  from th e  p re d ic tio n  eq u a tio n s  1 1 .6W + 879 fo r 
in d iv id u a l men ag ed  30-60 and  1 3 .5W + 487 fo r in d iv id u a l men of o v e r  60 
y e a r s ,  w hich  w ere g iv en  in  th e  FAO/W HO/UNU,(1985) r e p o r t ,  was u se d  
to  o b ta in  a seco n d  s e t of BMR fa c to rs  fo r TEE (T ab le  7 .4 ) .  D u rn in  
(1959) show ed a h ig h  c o rre la tio n  b e tw een  g ro s s  b o d y  w eigh t an d
s u r fa c e  a re a  an d  no s ig n if ic a n t d iffe re n c e  b e tw een  th e  c o rre la tio n  
co e ffic ien t fo r e n e rg y  e x p e n d itu re  an d  b o d y  w eigh t an d  fo r e n e rg y  
e x p e n d itu re  an d  su rfa c e  a re a .
T he TEE e x p re s s e d  as th e  mean Fleisch-BM R fa c to r  fo r th e  fa rm ers  
(2 .3 1  x BMR) was s til l  s ig n if ic a n tly  g r e a te r  th a n  th o se  o f all o th e r
g ro u p s ,  e x c e p t th e  s tee l w o rk e rs , and  th a t  o f th e  c le rica l w o rk e rs  was
s ig n if ic a n tly  le ss  (1 .56  x BM R). The ra n k  o rd e r  fo r TEE rem ained  th e  
same u s in g  th e  fa c to r  and  k ilocalo ries  p e r  d a y .
T he  v a r ia tio n  w ith in  o ccu p a tio n s  u s in g  TEE fa c to rs  was found  to 
b e  d if fe re n t  in  some g ro u p s  (T ab le  7 .2 ) .  The co effic ien ts  o f v a r ia tio n  
w ere  in c re a s e d  fo r th e  fa rm ers  from 13 p e rc e n t to  15 p e rc e n t and
d e c re a se d  fo r th e  s te e l w o rk e rs  from 15 p e rc e n t to  12 p e rc e n t .  T hese  
p e rc e n ta g e  c h an g e s  w ere sm aller th a n  th o se  found  w hen TEE as k ilocal­
o r ie s  p e r  d ay  w ere com pared  to  k ilocalo ries p e r  day  p e r  k ilogram  bod y  
w e ig h t, b u t  w ere in  th e  same d ire c tio n . T h e re  was an in s ig n if ic a n t 
e f fe c t on  th e  f ig u re  fo r th e  b u ild in g  w o rk e rs , u n lik e  th e  3 p e rc e n t 
in c re a s e  w hen w eight was u se d  as denom inator and  a d e c re a se  from 11 
p e rc e n t  to  8 p e rc e n t  fo r th e  ex e c u tiv e s  w here  th e  co effic ien t o f v a r ia ­
tio n  was u n c h a n g e d  u s in g  th e  w e ig h t-b a se d  ra tio .
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T he v a r ia tio n  w ith in  o ccu p a tio n s  u s in g  TEE fa c to rs  w as fo u n d  to  
be  d if fe re n t  in  some g ro u p s  (T ab le  7 .2 ) .  T he TEE e x p re s s e d  as  th e  
m ean FAO/WHO/UNU-BMR fa c to r  ( MUNUn-BMR) m ain ta ined  th e  
d if fe re n tia t io n  b e tw een  fa rm e rs  (2 .13  x  BMR) an d  o th e r  g ro u p s  an d  
c le r ic a l w o rk e rs  (1 .41  x  BMR) an d  o th e r  g ro u p s ,  b u t  th e  ra n k  o rd e r  
com pared  to  k ilo ca lo ries  p e r  d ay  was c h a n g e d . T he TEE fa c to r  fo r th e  
lig h t in d u s t r y  w o rk e rs  an d  th e  e x e c u tiv e s  ex ce ed ed  th a t  o f th e  b u ild in g  
w o rk e rs  (T ab le  7 .4 ) ,  a lth o u g h  th e  d iffe re n c e  b e tw een  th e  g ro u p s  was 
n o t s ig n if ic a n t .  T h is  r e s u lte d  from th e  p re s e n c e  in  th e se  two g ro u p s  o f 
men ag ed  m ore th a n  60 y e a rs  and  will b e  d is c u s se d  s h o r t ly .
T he c o n s id e ra b le  e r r o r  p o ssib le  in  e s tim a tin g  to ta l  e n e rg y  e x p e n d i­
tu r e  b y  th e  m ethod u se d  in  th e s e  s tu d ie s  h a s  b een  c le a rly  d em o n stra ted  
b y  D u rn in , M cKillop, G ran t an d  F itz g e ra ld  (1987) an d  was d isc u sse d  in  
sec tio n  3 .8 .2 1  o f th e  H is to rica l R eview . T h e re  is  no re a so n  to be lieve  
th a t  th e  e r r o r  in tro d u c e d  b y  th e  m ethod w ould be  g r e a te r  fo r one 
o c cu p a tio n a l g ro u p  th a n  a n o th e r  an d  w ould a l te r  th e  d iffe re n c e s  in  
to ta l  e n e rg y  e x p e n d itu re  w hich h av e  b een  d e m o n stra te d  be tw een  th e  
g ro u p s .  T h u s , th e  u se  of fa c to rs  b a se d  on BMR d e riv e d  from su rfa c e  
a re a  an d  w e ig h t, does no t a l te r  th e  conclu sion  th a t  in  th e  age g ro u p  
50-65 y e a r s  th e re  was a d iffe re n c e  b e tw een  th e  to ta l daily  e n e rg y  
e x p e n d i tu re  o f g ro u p s  o f men who p e rfo rm e d  h a rd  p h y s ic a l la b o u r 
d u r in g  th e i r  w o rk in g  h o u rs  an d  th o se  w hose w ork  was m ainly s e d e n ­
ta r y .  T h e re  was also no a l te ra tio n  in  th e  d iffe re n c e  be tw een  th e se  two 
g ro u p s  a n d  fo u r  in te rm e d ia te  g ro u p s , w hich w ere more sim ilar in  th e ir  
to ta l  e n e rg y  e x p e n d itu re  th a n  e x p e c te d . T he th re e  lev e ls  of to ta l 
e n e rg y  e x p e n d itu re  d is tin g u ish e d  b y  th e  "UNU" fa c to rs  w ere th o se  o f 
th e  fa rm e rs  (2 .13  x BM R), th e  c le rica l w o rk e rs  (1 .41  x BM R), an d  th e  
in te rm e d ia te  g ro u p  (1 .7 4 -1 .9 2  x BMR). T he th r e e  leve ls  o f TEE d is t in ­
g u ish e d  b y  th e  F le isch  fa c to rs  w ere th o se  of th e  fa rm ers  (2 .31  x BM R), 
th e  c le r ic a l w o rk e rs  (1 .56  x BM R), and  th e  in te rm e d ia te  g ro u p
(1 .9 0 -2 .0 9  x  BM R).
T he im p o rtan ce  g iv en  in  th e  FAO/W HO/UNU, (1985) r e p o r t  to  a 
c r it ic a l  a p p ro a c h  in  th e  u se  o f th e  v a lu es  was em phasized  b y  th e  r e s u l t s  
o b ta in e d  w hen in d iv id u a l f ig u re s  fo r BMR b a se d  on th e  p re d ic tio n
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e q u a tio n s  w ere  u s e d  to  ca lcu la te  b o th  a B M R -based fa c to r  fo r  TEE o f 
each  in d iv id u a l an d  from th e se  to  o b ta in  a m ean fo r  each  g ro u p . Two 
ca u tio n s  p a r t ic u la r ly  ap p ly  to  th e  s tu d ie s  in  q u e s tio n . T he f i r s t  was 
th a t  an  age r a n g e  o f 60 y e a rs  o n w ard s  fo r  ca lcu la tio n  o f BMR an d  
e n e rg y  re q u ire m e n ts  is  too b ro a d . T he seco n d  was th a t  v a lu es  w hich 
c h a n g e  w ith  age a re  co n tin u o u s  v a r ia b le s  so th a t  th e  u n c r it ic a l u se  o f 
a r tif ic ia l d iv id in g  lin e s , a t w hich a b ru p t  c h a n g e s  a re  su p p o se d  to  
o c c u r ,  will in tro d u c e  e r r o r s  an d  in c o n s is te n c ie s .
In  th e  c o u rse  o f o b ta in in g  th e  s e ts  o f F le isch  B M R -based TEE 
fa c to rs  a n d  ,fUNU,?B M R -based TEE fa c to rs ,  th e  BMR fo r each  in d iv id u a l 
a n d  th e  m ean BMR o f each  g ro u p  w ere ca lcu la ted  an d  could  b e  com pared  
(T ab le  7 .5 ) .  T he m ean o f th e  TTUNU"BMR fo r in d iv id u a ls  in  each  g ro u p  
ex c e e d e d  th a t  of th e  mean o f th e  F leisch-BM R from w ith in  a ra n g e  o f 5 
p e rc e n t  fo r  th e  e x e c u tiv e s  to  12 p e rc e n t fo r th e  b u ild in g  w o rk e rs . If  
th e  "UNUn-BMR w as o b ta in ed  fo r th e  g ro u p  from th e  p re d ic tio n  
e q u a tio n s  o r th e  ta b le s  su p p lie d  in  th e  r e p o r t  u s in g  mean w eigh t and  
a g e , th e  p e rc e n ta g e  d iffe re n c e  was ev en  g r e a te r  r a n g in g  from 10 
p e rc e n t  to  14 p e rc e n t .  In  th e  lig h t in d u s t r y  g ro u p , th e  mean 
nUNU,f-BMR a p p e a re d  to  b e  4 .5  p e rc e n t low er th a n  th e  F leisch-B M R . 
T h is  r e s u l te d  from th e  mean age o f th e  g ro u p  b e in g  61 y e a r s .  If  i t  
h ad  b e e n  60 y e a r s ,  th e  d iffe re n c e  w ould h av e  b een  in  th e  same ra n g e  
as  th e  o th e r  g ro u p s , nam ely 13 p e rc e n t g r e a te r  th a n  th e  F leish-B M R .
A com parison  o f two mean BMR v a lu es  fo r each  g ro u p  o b ta in ed  
f i r s t ly  from th e  p re d ic tio n  e q u a tio n s  b a se d  on m ean w eigh t and  mean 
a g e , a n d  seco n d ly  from in d iv id u a l r e s u l t s ,  show ed th a t  w here  all 
in d iv id u a ls  w ere in  th e  same age g ro u p , th e  mean BMR was id e n tic a l, 
b u t  th e  m ore in d iv id u a ls  who w ere o v e r  60 y e a r s ,  th e  g r e a te r  was th e  
d if fe re n c e  b e tw een  th e  v a lu e s . For exam ple , in  th e  lig h t in d u s try  
g ro u p  w ith  11 o f 24 men ag ed  o v e r 60 y e a r s ,  th e  d isc re p a n c y  was 
ap p ro x im ate ly  140 k c a l /d a y ,  while in  th e  fa rm ers  g ro u p  w ith  4 o f 22 
a g ed  o v e r  60 y e a r s ,  i t  was ap p rox im ate ly  30 k c a l /d a y . In th e  two 
g ro u p s  in  w hich th e  p ro p o rtio n  o f o ld e r men was h ig h , th e re  was a 
d if fe re n c e  in  mean TEE o f 250 k c a l/d a y  be tw een  th e  fo u r o v e r 60 e x e c u ­
t iv e s  an d  th e  six  60 an d  u n d e r  men ( th e  o ld e r men h ad  th e  g re a te r
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T E E ), a n d  o f  80 k c a l /d a y  be tw een  th e  11 o ld e r  an d  13 y o u n g e r  l ig h t 
i n d u s t r y  w o rk e rs  ( th e  y o u n g e r  men h ad  th e  g r e a te r  T E E ). U sing  th e  
a g e -a p p ro p r ia te  e q u a tio n s  to  o b ta in  ’’UNU’’-BMR fa c to rs  r e s u lte d  in  th e  
o ld e r  men in  b o th  g ro u p s  h a v in g  a fa c to r  o f 2 .0  x  BMR, w hile th a t  of 
th e  y o u n g e r  g ro u p  was 1 .7  x BMR.
T he main im po rtan ce  o f th e se  com parisons w ith  ’’UNU’’-BMR fa c to rs  
to  th e  d isc u ss io n  o f th e  f in d in g s  fo r TEE is  an  aw aren ess  of th e  
p o s s ib il i ty  o f th is  e r r o r  . T he g ro u p s  in v o lv e d , to g e th e r  w ith  th e  
b u ild in g  w o rk e rs , m ake up  th e  in te rm e d ia te  g ro u p  be tw een  w hich th e re  
w as no s ig n if ic a n t d iffe re n c e  in  TEE. I f  on ly  th e  men ag ed  60 y e a rs
an d  u n d e r  a re  co m pared , th e  TEE fa c to rs  o f th e  th r e e  g ro u p s  w ere
id e n tic a l (1 .7  x  BMR); i f  th e  o ld e r men w ere in c lu d e d , th e  TEE fa c to rs  
o f th e  lig h t in d u s t r y  w o rk e rs  an d  th e  e x e c u tiv e s  ex ce ed ed  th o se  of th e  
b u ild in g  w o rk e rs . A ny ca lcu la tio n s  of a TEE fa c to r  w hich in c lu d e  th e  
low er f ig u re  fo r BMR of su b je c ts  ag ed  o v e r  60 e lev a te  no t on ly  th e
fa c to r  fo r TEE, b u t also fa c to rs  c a lcu la ted  fo r th e  e n e rg y  co st o f
p h y s ic a l a c tiv ity  w hich will be  d isc u sse d  in  th e  n e x t se c tio n .
T he commonly a cc ep ted  decline  in  BMR of ab o u t 200 k c a l /d a y  from 
age 25 to  80 (D u rn in  & P assm ore , 1967) is  fa c to re d  in to  th e  p re d ic tio n  
e q u a tio n  fo r th e  o v e r 60 age g ro u p . T h is  r e s u l t s  in  a d e c re a se  o f 268 
k c a l /d a y  fo r a 65 k g .  man p re d ic te d  b y  th e  two d if fe re n t e q u a tio n s  
in s te a d  o f a d e c re a se  o f ap p rox im ate ly  50 k c a l /d a y ,  w hich w ould r e s u lt  
i f  an  e s tim a ted  d e c re a se  of 1 p e rc e n t p e r  decade  from 30-60 y e a rs  w ere 
u s e d .  T he u se  of th e s e  f ig u re s  to  p ro d u c e  a TEE fa c to r  m akes i t
d if f ic u lt to  com pare th e  mean TEE fa c to rs  o f  g ro u p s ,  w hich c o n s is t o f
s u b je c ts  above and  below th e  d iv id in g  lin e . Such  g ro u p s  a re  o th e rw ise  
fa ir ly  hom ogeneous in  o ccupa tion  and  a re  norm ally  c o n s id e re d  to  be in  
one ag e  g ro u p  w ith  an  u p p e r  limit of 65 y e a r s .  F or th e se  male g ro u p s , 
th e  re tire m e n t age of 65 y e a r s ,  no t 60 y e a r s ,  becom es th e  p o in t a t 
w hich  m ajor c h an g e s  a re  lik e ly  to  o c c u r . In  g e n e ra l,  in  b o th  ac tiv e  
a n d  s e d e n ta ry  o c c u p a tio n s , e n e rg y  dem ands will d if fe r  li t t le  be tw een
men who a re  n e a r ly  60 and  men who a re  be tw een  60 and  65.
S ch o fie ld , e t a l . , (1985) in  a rev iew  of th e  new e q u a tio n s , n o te d  
th a t  ’’th e s e  age  ra n g e s  w ere no t chosen  b y  in s p e c tin g  th e  d a ta , b u t
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th e y  a re  in  acc o rd an ce  w ith  p re v io u s  w ork  and  th e y  ap p ro x im ate  to
commonly u s e d  clin ica l d iv isio n s  o f th e  hum an life  s p a n ” . In  c o u n tr ie s
w h ere  th e  re tire m e n t age fo r men is  65 y e a r s , th is  d iv ision  o f th e  
hum an life  sp a n  in  re la tio n  to  BMR an d  e n e rg y  e x p e n d itu re  is  
u n h e lp fu l .  U se o f th e  same eq u a tio n  is  in d ic a te d  up  to  65 y e a r s .  T h e re  
i s ,  h o w e v e r , a d e a r th  o f in fo rm ation  on p a t te rn s  of e n e rg y  e x p e n d itu re  
in  th e  fiv e  y e a rs  b e fo re  an d  a f te r  re tire m e n t.
T h e se  com parisons show th e  ty p e  of e r r o r  th a t  can be  in tro d u c e d  
i f  m ean ag e  an d  m ean w eigh t a re  u se d  to  o b ta in  g ro u p  mean BMR s in c e , 
as th e  r e p o r t  s ta t e s ,  th e  v a lu es  fo r  BMR o b ta in ed  from th e  eq u a tio n s  
a re  th o se  o f th e  in d iv id u a l o r hom ogeneous c lass  w hose w eigh t fo r age 
o r  w eig h t fo r  h e ig h t is  a t th e  m idpoint o f th e  ra n g e .
T he m ajo rity  of th e  co e ffic ien ts  of v a r ia tio n  from th e  mean BMR of
th e  g ro u p ,  w hen th e  BMR was o b ta in ed  fo r each  in d iv id u a l, from th e  
p re d ic tio n  e q u a tio n s , o r b y  th e  F leisch  m ethod , w ere betw een  5 p e rc e n t 
an d  9 p e rc e n t  (T ab le  7 .5 ) .  The ex ce p tio n s  w ere th e  s tee l an d  lig h t 
in d u s t r y  w o rk e rs , w here  calcu la tion  b y  th e  "UNU" m ethod re s u lte d  in  
co e ffic ie n ts  o f v a r ia tio n  of 12 p e rc e n t and  11 p e rc e n t re s p e c tiv e ly  
(T ab le  7 .5 ) .  T hese  w ere betw een  3 an d  4 p e rc e n t g re a te r  th a n  th e  
F le isch  e s tim a te s .
T he e ffe c t of u s in g  th e  h ig h e r  estim ate of BMR o b ta in ed  from th e  
"UNU" p re d ic tio n  eq u a tio n s  to  ob ta in  a TEE fa c to r  fo r each  in d iv id u a l 
was th a t  th e  "UNU" TEE fa c to rs ,  ex ce p t fo r  men o v e r 60 y e a r s ,  w ere 
low er th a n  th e  F le isch  TEE fa c to rs .
T h is  r e s u lte d  in  a mean "UNU" fa c to r  fo r TEE fo r all g ro u p s  of 
men ag ed  be tw een  50 and  65 y e a rs  (T ab le  7 .4 ) w hich was low er th a n  
th e  m ean F le isch  fa c to rs  fo r TEE (T ab le  7 .3 ) .  The d iffe re n ce  was le a s t 
in  th e  g ro u p s  w hich in c lu d ed  men of o v e r  60 y e a rs  b e c a u se , fo r th e  
m ajo rity  o f th e se  in d iv id u a ls , th e  "UNU"-BMR was low er th a n  th e  
F le isch  e s tim a te . T h is  in c re a se d  th e  in d iv id u a l "UNU" TEE fa c to r  
com pared  to  th e  F le isch  TEE fac to r and  ra ise d  th e  m ean. T h is is  in  
c o n t ra s t  to  th e  s itu a tio n  fo r men of u n d e r  60 y e a rs  of a g e , w here th e  
"UNU"-BM R was h ig h e r  th a n  th a t  of th e  F leisch  estim ate  an d  th e  mean
in  com parison  was low ered .
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F or th e  men who w ere o v e r  60 y e a r s ,  th e  "UNU"-BMR was low er 
th a n  th e  F le isch  e s tim ates  w hen th e  b o d y  m ass in d e x  (BMI) was be tw een  
19 an d  25. T h ey  w ere abou t th e  same b e tw een  26 an d  30 an d  h ig h e r  in  
on ly  one s u b je c t ,  a fa rm e r , w hose BMI was 40 .9  an d  w eigh t 115.5 
k ilo g ram s.
In  on ly  two in d iv id u a ls  (one fa rm er and  one lig h t in d u s t r y  w o rk e r) 
w ere  th e  TEE fa c to rs  eq u a l to  o r g r e a te r  th a n  2 s ta n d a rd  d ev ia tio n s  
from  th e  m ean of th e  TEE fa c to rs  of th e i r  g ro u p s . T h is  was found  
w hen  th e  fa c to rs  w ere o b ta in ed  u s in g  b o th  F le isch  an d  "UNU" estim ates  
o f BMR.
Use o f th e  "UNU" BMR in s te a d  of th e  F le isch  v a lu e  fo r th e  e n e rg y  
e x p e n d itu re  d u r in g  sleep  w ould in c re a se  th e  e s tim ated  mean TEE o f each  
g ro u p  b e tw ee n  25 an d  75 k c a l /d a y ,  an  in s ig n if ic a n t am ount in  view of 
th e  e r r o r  a sso c ia te d  w ith  th e  m ethod .
A sum m ary of th is  sec tio n  an d  th a t  w hich follows a p p e a rs  in  
Section  7 .2 ^ .
Men -  p a t te r n s  of a c t iv i ty . The fa c to rs  w hich led  to  th e  d iffe re n c e s  in  
TEE fo u n d  b e tw een  th e  g ro u p s  w ere v a r ia tio n s  in  th e  am ount o f time 
s p e n t a t w ork  and  in  i t s  a llocation to  d if fe re n t a c t iv i t ie s , th e  v a r ia tio n s  
in  e n e rg y  co s t of th e se  o ccupa tiona l a c t iv it ie s , v a r ia tio n s  in  th e  am ount 
o f n o n -o ccu p a tio n a l time an d  in  i t s  allocation to  d if fe re n t a c tiv itie s  an d  
v a r ia tio n  in  th e  e n e rg y  co st of th e se  n o n -o ccu p a tio n a l a c tiv it ie s .
It h a s  b een  show n th a t  th e  o ccupa tiona l e n e rg y  dem ands of th e  
g ro u p s  w hich h ad  n o n -s e d e n ta ry  w o rk , th a t  i s ,  th e  lig h t in d u s try  and  
b u ild in g  w o rk e rs , w ere ap p rox im ate ly  500 k c a l/d a y  in  e x c e ss  of th o se  
w hich  h a d  s e d e n ta ry  w ork , th a t  i s ,  th e  two g ro u p s  of office w o rk e rs . 
A lso , a lth o u g h  th e  s tee l w o rk e rs  w ere on sh o r t tim e, th e ir  o ccupa tiona l 
e n e rg y  e x p e n d itu re  ex ceed ed  th e  s e d e n ta ry  g ro u p s  b y  ab o u t 200 
k c a l /d a y .  T he fa rm ers  w ere no t s t r ic t ly  com parable  to  th e  o th e r  
g ro u p s ,  b u t  w hen th e ir  o ccupa tiona l an d  d is c re t io n a ry  w ork w ere 
com bined , th e  e n e rg y  co s t was found  to  exceed  th a t  o f th e  o th e r  
n o n - s e d e n ta ry  g ro u p s  b y  abou t 1000 k c a l /d a y . The time s p e n t a t w ork 
w as sim ilar fo r b u ild in g , lig h t in d u s tr y  an d  c le rica l w o rk e rs  and
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e x c e e d e d  th a t  o f s te e l w o rk e rs  an d  e x e c u tiv e s  b y  ap p ro x im ate ly  2 
h o u r s /d a y  (T ab le  7 .6 ) .
G a r ry , e t a l . ,  (1955) found  th a t  th e  d iffe re n c e  in  o ccu p a tio n a l
e n e rg y  e x p e n d itu re  b e tw een  m iners  an d  c le rk s  who w orked  th e  same
n u m b e r o f h o u rs  was 860 k c a l /d a y  o v e r  th e  same p e r io d  o f tim e. T he
tim e s p e n t  a t w ork  b y  th e  co llie ry  c le rk s  (29 p e rc e n t)  w ith  an  e n e rg y
dem and  o f 32 p e rc e n t  o f TEE was sim ilar to th e  p a t te r n  o f th e  o ld e r
c le ric a l w o rk e rs . T he e n e rg y  dem and o f th e  o ccu p a tio n a l w ork  o f th e  
m in ers  w as 48 p e rc e n t o f TEE d u r in g  27 p e rc e n t  o f th e  day  an d  th a t  o f 
th e  fa rm e rs  67 p e rc e n t o f TEE d u r in g  36 p e rc e n t o f  th e  d a y . T h e re  is  
no  in d ic a tio n  from a com parison  o f th e se  g ro u p s  th a t  o ccupa tiona l
e n e rg y  e x p e n d itu re  was re d u c e d  w ith  age a t le a s t in  th o se  g ro u p s
w h ere  th e  w ork  was d e fin ed  as s e d e n ta ry  o r as h e a v y .
T he TEE o f th e  m iners was sim ilar to  th a t  o f th e  fa rm e rs , abou t 
3700 k c a l /d a y  an d  th a t  of th e  c le rk s  500 k c a l /d a y  g r e a te r  th a n  th a t  of 
th e  c le ric a l w o rk e rs , o f w hich 200 k c a l/d a y  was o ccu p a tio n a l e n e rg y . 
In  T ab le 7 .6  th e  g ro u p s  s tu d ie d  a re  com pared  u s in g  fa c to rs  fo r th e  
e n e rg y  co s t o f p h y s ic a l a c tiv ity  d u r in g  o ccu p a tio n a l and  
n o n -o c c u p a tio n a l time e x p re s s e d  as m ultip les of th e  "UNU” BMR. T hese  
w ere  d e r iv e d  from th e  ra tio  o f th e  mean e n e rg y  e x p e n d e d  to  mean 
"UNU" BMR d u r in g  th e se  p e r io d s  o f tim e. The re la tio n sh ip s  be tw een  
th e  e n e rg y  dem ands of th e  d if fe re n t o ccu p a tio n s  a re  c lea rly  
d e m o n s tra te d . The a v e ra g e  e n e rg y  co st to  th e  l ig h t in d u s tr y  w o rk e rs  
(2 .9  x  BMR) ex ce ed ed  th a t  o f b u ild in g  an d  s tee l w o rk e rs  (2 .6  an d  2 .7  
x  BM R), re s p e c t iv e ly , an d  all th re e  w ere com parable  to  th e  v a lu e  of 2 .7  
x  BMR fo r  m odera te  w ork g iv en  in  th e  FAO/W HO/UNU, (1985) r e p o r t .
T he e n e rg y  cost o f th e  e x e c u tiv e s ' w ork  (2 .0  x BMR) was g r e a te r  
th a n  th a t  o f th e  c le r ica l w o rk e rs  (1 .6  x  BMR) an d  sim ilar to  th a t  o f th e  
c o llie ry  c le rk s  (1 .9  x  BMR) w hich was d e r iv e d  in  th e  same w ay. T he
com parab le  FAO/WHO/UNU f ig u re  is  1 .7  x  BMR fo r lig h t w ork . The 
o ccu p a tio n a l e n e rg y  co s t of farm ing  and  m ining (G a r ry , e t a l . ,  1955) 
was ab o u t th e  same (4 .0  an d  3 .9  x  BM R), re s p e c t iv e ly , a lth o u g h  th e  
fa rm e rs ' fa c to r  in c lu d e d  all w alking an d  may h av e  in c lu d ed  some
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d is c re t io n a ry  a c t iv ity .  T he com parable FAO/WHO/UNU f ig u re  is  3 .8  x  
BMR fo r  h e a v y  w o rk .
T he  co m p ariso n s , a g a in , do no t in d ic a te  a n y  d iffe re n c e  b e tw een  
th e  e n e rg y  co s t o f th e  o ccu p a tio n a l p h y s ic a l a c tiv ity  o f th e  y o u n g e r  
m iners  a n d  c le rk s  an d  th e  o ld e r g ro u p s  s tu d ie d , a lth o u g h  no g ro u p s  
s im ilar to  th e  m o dera te  w ork  c a te g o ry  w ere ava ilab le  fo r th is  ty p e  o f 
co m p ariso n .
N o n -o ccu p a tio n a l e n e rg y  dem an d s, w hich w ere alm ost th e  same fo r 
th e  m in ers  an d  co llie ry  c le rk s ,  ab o u t 1400 k c a l /d a y ,  v a r ie d  from 1100 
k c a l /d a y  fo r  th e  c le rica l w o rk e rs  to  ab o u t 1700 k c a l /d a y  fo r th e  s tee l 
w o rk e rs  an d  e x e c u tiv e s . The e n e rg y  c o s ts  of n o n -o ccu p a tio n a l p h y s ic a l 
a c tiv ity  a re  show n in  T able 7 .6 , e x p re s s e d  as m ultip les o f "UNU"-BM R. 
T h ese  show  th a t  s te e l w o rk e rs  an d  ex e c u tiv e s  in c u r r e d  th e  g re a te s t  
c o s ts  (2 .3  x  BM R). The same a c tiv it ie s  o f th e  b u ild in g  an d  lig h t 
in d u s t r y  w o rk e rs  (1 .9  x  BMR ) ,  w ere sim ilar to  th e  m iners an d  c le rk s  
(2 .0  x  BM R). T he co st to  th e  c le rica l w o rk e rs  was 1 .7  x BMR an d  to 
th e  fa rm e rs  1 .3  x BMR. T he e n e rg y  co st o f th e  p h y s ic a l a c tiv ity  o f th e  
e x e c u tiv e s  w as su b s ta n tia lly  g r e a te r  co st d u r in g  n o n -o ccu p a tio n a l th a n  
in  o ccu p a tio n a l tim e. The fa c to r  fo r th e  fa rm ers  was p ro b a b ly  a r t i f i ­
c ia lly  low s in ce  d is c re tio n a ry  "w ork" an d  all w alk ing  w ere in c lu d ed  in  
o ccu p a tio n a l e n e rg y  c o s ts  b eca u se  of th e ir  u n d if fe re n tia te d  w ork d a y .
O ccu p a tio n a l e n e rg y  dem ands w ere m ainly re sp o n s ib le  fo r th e  
d if fe re n c e s  in  TEE betw een  th e  m odera te  w ork g ro u p s  and  th e  c le rica l 
w o rk e rs  as th e y  w ere in  th e  com parison  o f th e  y o u n g e r  m iners an d  
co llie ry  c le rk s ,  a lth o u g h  th e  d iffe re n c e  in  TEE was 600 k c a l/d a y  com­
p a re d  to  1400 k c a l /d a y  betw een  th e  la t te r  g ro u p s .
F or s ix  g ro u p s , in c lu d in g  th e  m iners an d  co llie ry  c le rk s ,  o ccu p a­
tio n a l e n e rg y  e x p e n d itu re  was a good p re d ic to r  o f TEE. O ccupational 
e n e rg y  co s t e x p re s s e d  as a m ultiple o f ”UNUn-BMR was also  a good 
p r e d ic to r .  F or th e  g ro u p  of e x ec u tiv e s  th is  was no t so . T h ey  w ere 
ch o sen  as a s e d e n ta ry  g ro u p  and  w ere found  to  sp e n d  20 p e rc e n t o f th e  
d ay  in  o ccu p a tio n a l a c t iv i t ie s , y e t th e ir  TEE was no t s ig n if ic a n tly  
d if fe re n t  from th e  m oderate  w ork g ro u p s . T hey  h ad  more 
n o n -o c c u p a tio n a l tim e th a n  any  o th e r  g ro u p  in c lu d in g  th e  m iners an d
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c le rk s  a n d  th e  a v e ra g e  e n e rg y  co s t o f th e i r  p h y s ic a l a c tiv ity  d u r in g  
th a t  tim e (2 .3  x  B M R )(T able 7 .6 )  was h ig h e r  th a n  a n y  g ro u p , e x c e p t 
th e  s te e l w o rk e rs . I t h as  b e e n  show n th a t  n o n -o ccu p a tio n a l e n e rg y  
dem ands o f  th e  s te e l w o rk e rs  also m ade an  im p o rta n t c o n tr ib u tio n  to  
th e i r  TEE. T he c o n tr ib u tio n  to  TEE o f n o n -o ccu p a tio n a l "w o rk ” o f  b o th  
s te e l w o rk e rs  an d  e x e c u tiv e s  was show n to  h av e  b een  n e a r ly  two th i rd s  
o f th a t  o f o ccu p a tio n a l p h y s ic a l a c t iv ity .  T h is  ex ce ed ed  th o se  of th e  
l ig h t in d u s t r y  an d  b u ild in g  w o rk e rs , a lth o u g h  th e  o ccu p a tio n a l e n e rg y  
e x p e n d i tu re  o f th e se  two g ro u p s  ex ce ed ed  th a t  o f th e  s te e l w o rk e rs  b y  
300 k c a l /d a y .
T he  u s e fu ln e s s  of ”UNU,r-BMR fa c to rs  (T ab le  7 .6 ) fo r e n e rg y  c o s ts  
in  co m p ariso n s o f g ro u p s  is  i l lu s tr a te d  b y  th e  follow ing exam ples. Two 
fa c to rs  c o n tr ib u te d  to  th e  h ig h e r  e n e rg y  co s t o f th e  le is u re  time 
p h y s ic a l a c t iv i ty  o f th e  e x e c u tiv e s . One was show n to  be  n o n -o c c u ­
p a tio n a l "w o rk ” , th a t  i s ,  n o n -s i t t in g  h o u seh o ld  ta s k s .  The ex e c u tiv e s  
s p e n t  2 .1  h o u rs  p e r  d ay  on th is  a t an  a v e ra g e  in te n s i ty  lev e l o f 3 .0  x  
BMR, w hile th e  c le rica l w o rk e rs  sp e n t 1.5 h o u rs  p e r  d ay  a t 2 .1  x  BMR. 
In  ad d itio n  th e y  s p e n t 2 .1  h o u rs  p e r  d ay  w alk in g , m ost o f i t  in  le isu re  
tim e , a t an  a v e ra g e  e n e rg y  co st o f 3 .8  x  BMR, w hile th e  c le rica l 
w o rk e rs  s p e n t 1.6 h o u rs  p e r  day  a t 3 .4  x  BMR. U sing  th is  a n a ly s is ,  
th e  e n e rg y  co s t o f n o n -o ccu p a tio n a l w ork an d  occu p a tio n a l w ork w as, 
s u r p r i s in g ly , th e  same fo r th e  s te e l w o rk e rs . B oth  th e  b u ild in g  
w o rk e rs  an d  lig h t in d u s tr y  w o rk e rs  s p e n t th is  tim e a t low er leve ls  of 
p h y s ic a l a c t iv i ty ,  b u t  th e  p h y s ica l a c tiv ity  o f b o th  th e  e x e c u tiv e s  and  
c le r ic a l w o rk e rs  was g r e a te r  th a n  th a t  in  occu p a tio n a l tim e. For th e  
e x e c u tiv e s ,  th e  occu p a tio n a l e n e rg y  co s t was 2 .0  x BMR, w h e re a s , 
n o n -o c c u p a tio n a l e n e rg y  co st was 3.0 x BMR.
T h is  m ethod o f p re s e n tin g  th e  d a ta  also  m akes i t  p o ss ib le  to  m ake 
a b e t t e r  com parison  o f th e  fa rm ers  w ith th e  o th e r  g ro u p s  b a se d  on th e  
com bination  o f e n e rg y  co st d u r in g  o ccu p a tio n a l and  n o n -o ccu p a tio n a l 
tim e. T he le n g th  of th e  w ork ing  day  of th e  fa rm e rs  becom es com parable  
to  th a t  o f th e  l ig h t in d u s tr y  w o rk ers  an d  c le rica l w o rk e rs  (8 .5 ,  8 .7  and  
8 .0  h o u r s ,  r e s p e c t iv e ly ) ,  b u t  is  s till an  h o u r  o r more lo n g e r th a n  th a t  
o f th e  o th e r  g ro u p s . The in te n s ity  of th e  e f fo r ts  in v o lv ed  d u r in g  th e
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w o rk in g  d ay  is  c le a rly  seen  in  com parison  to  th e  o th e r  g ro u p s  (4 .0  x  
BMR com pared  to  2 .8  and  u n d e r  x  BM R). Also em phasized  is  th e  low 
e n e rg y  c o s t o f  th e i r  p h y s ic a l a c tiv ity  in  7 .5  h o u rs  o f re la x a tio n  tim e 
(1 .3  x  BMR) com pared  to  th a t  o f th e  o th e r  g ro u p s  w here  th e  e n e rg y  
co s t in c lu d e d  w alk ing .
In  T ab les  7 .7  an d  7 .8  th e  c o n tr ib u tio n s  o f o ccu p a tio n a l an d  le isu re  
tim e p h y s ic a l a c tiv ity  to  TEE a re  show n in  two o th e r  w ays fo r each  
g ro u p  (S ec tio n s  I an d  II o f th e  ta b le ) .  T hese  a re  com pared  to  th e  
f ig u re s  fo r exam ples o f lig h t a c tiv ity  w o rk , m odera te  a c tiv ity  w ork and  
h e a v y  w ork  g iv en  in  th e  FAO/W HO/UNU, (1985) r e p o r t  fo r in d iv id u a ls  
ag ed  25 o r  35 y e a rs  (S ection  I I I ) .  In Section  I th e  fra c tio n a l p o rtio n s  
o f th e  ” UNU,T-TEE fa c to r  c o n tr ib u te d  b y  o ccu p a tio n a l an d  
n o n -o c c u p a tio n a l p h y s ic a l a c tiv ity  a re  show n. T hese  w ere d e r iv e d  from 
th e  e s tim a te s  o f e n e rg y  e x p en d e d  on th e se  a c tiv it ie s  b y  each  in d iv id u a l 
in  th e  g ro u p s .  T h ey  a re  also show n as p e rc e n ta g e s  of th e  frac tio n a l 
p o r t io n . In  Section  II th e  re c o rd e d  p e rc e n ta g e  c o n tr ib u tio n  to  TEE 
e x p re s s e d  as k iloca lo ries  p e r  day  a re  show n. In  Section III th e  p e r ­
c e n ta g e  o f TEE ca lcu la ted  from th e  exam ples g iv en  in  th e  r e p o r t  an d  
th e  c o r re s p o n d in g  defin itio n  an d  TEE fa c to r  a re  show n.
T he "UNU” exam ple of lig h t w ork was sim ilar in  b o th  com parisons 
to  th e  c le ric a l w o rk e rs  a lth o u g h  th e ir  TEE was low er (1 .41  x  BMR 
com pared  to  1.54 x  BMR). Of th e  o th e r  two g ro u p s  c la ss ified  fo r 
com parison  to  th e  "UNU" exam ple as " lig h t a c tiv ity "  w ork , th e  e x e c u ­
tiv e s  a n d  th e  co llie ry  c le rk s ,  th e  la t te r  w ere more com parable h av in g  
s p e n t  38 p e rc e n t o f th e  frac tio n a l p o rtio n  in  occupa tiona l w ork com pared  
to  32 p e rc e n t  an d  32 p e rc e n t o f TEE (k c a l/d a y )  com pared  to  th e  "UNU" 
f ig u re  o f 28 p e rc e n t ,  b u t th e ir  TEE was g re a te r  (1 .66  x  BMR). The 
e x e c u tiv e s  s p e n t on ly  25 p e rc e n t o f th e  fra c tio n a l p o rtio n  o f th e ir  TEE 
(1 .81  x  BMR) in  occupa tiona l p h y s ic a l a c tiv ity . The e n e rg y  
e x p e n d itu re  in  le isu re  time of th e  s tee l w o rk e rs , to g e th e r  w ith  th a t  of 
th e  e x e c u tiv e s  ex ceed ed  th e ir  occupa tiona l e n e rg y  e x p e n d itu re  b o th  as 
th e  f ra c tio n a l p o rtio n  o f TEE and  as p e rc e n ta g e  of o b se rv e d  TEE, and  
y e t th e i r  TEE fa c to r  was more sim ilar to  "m oderate  a c tiv ity  w ork" th a n
to  " lig h t a c tiv ity  w ork".
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T he g ro u p s  c la ss ified  fo r com parison  as "m odera te  a c tiv ity  w o rk " , 
th e  b u ild in g  an d  lig h t in d u s tr y  w o rk e rs , w ere id e n tic a l in  th e  d iv ision  
o f  th e  f ra c tio n a l p o r tio n , b u t  th e  o ccu p a tio n a l p o rtio n  was 58 p e rc e n t ,  
com pared  to  63 p e rc e n t  o f th e  "UNU" exam ple. A d d itio n a lly , th e  p e r ­
c e n ta g e s  o f TEE d ev o ted  to  o ccupa tion  an d  le isu re  w ere abou t th e  sam e, 
w h e re a s  o ccu p a tio n a l e n e rg y  e x p e n d itu re  ex ce ed ed  th a t  o f le isu re  b y  5 
p e r c e n t  in  th e  exam ple.
T he  TEE fa c to r  o f th e  m in e rs , c la ss ified  as a "h e a v y  w ork" g r o u p , 
ex c e e d e d  all th e  g ro u p s  in c lu d in g  th e  fa rm e rs  b u t  th e  p e rc e n ta g e  
d iv is io n  o f th e  fra c tio n a l p o rtio n  of TEE was m ore sim ilar to  th a t  of th e  
"UNU" exam ple o f m odera te  a c tiv ity  th a n  to  th e  exam ple o f "h eav y  
w o rk " . In  th e  exam ple o ccupa tiona l time was 8 h o u rs  p e r  d ay  com pared 
to  th e  6 .5  h o u rs  p e r  day  a v e ra g e d  o v e r 7 d ay s  s p e n t b y  th e  m in e rs . 
T he f ra c t io n  a lloca ted  to  th e  o ccupa tiona l e n e rg y  dem ands o f th e  m iners 
w as 7 p e r c e n t  g r e a te r  th a n  th a t  of th e  b u ild in g  an d  lig h t in d u s tr y  
g ro u p s  (65 p e rc e n t  com pared  to  58 p e r c e n t ) .
E x p re s s e d  as a fa c to r  o f BMR, th e  TEE o f th e  m iners  was g r e a te r  
th a n  th a t  o f  th e  fa rm e rs , a lth o u g h  th e  e x p e n d itu re s  w ere 3700 k c a l/d a y  
fo r th e  fa rm e rs  an d  3660 k c a l/d a y  fo r th e  m in e rs . The mean w eigh t o f 
th e  m in ers  w as 65 k ilogram s and  th a t  of th e  fa rm e rs  was 78 k ilog ram s. 
T he  m in ers  cou ld  no t b e  com pared  to  th e  fa rm ers  who w ere th e  "h eav y  
w ork" g ro u p  o f th e  s e r ie s ,  in  te rm s o f occu p a tio n a l and  le isu re  a c t iv ity ,  
b e c a u se  o f th e  n a tu re  of th e  w ork ing  day  of th e  l a t t e r . When th e  
e n e rg y  co s t of th e  o ccupa tiona l and  d is c re tio n a ry  a c tiv ity  of th e  exam ­
p le  o f h e a v y  w ork  a re  com bined , th e re  is  good ag reem en t w ith  th e  
e n e rg y  c o s ts  o f th e  fa rm e rs . T h e re  is  ag reem en t in  p e rc e n ta g e  of TEE 
s p e n t  in  o ccu p a tio n a l ac tiv itie s  (67 com pared to  65 p e r c e n t ) , in  p e r c e n t­
a g es  s p e n t on  n o n -o ccu p a tio n a l, ex c lu d in g  " d is c re tio n a ry  a c tiv ity "  (19 
p e rc e n t)  a n d  in  th e  d iv ision  o f th e  frac tio n a l p o r tio n  o f TEE in to  o ccu ­
p a tio n a l e n e rg y  co st (91 p e rc e n t com pared to  89) an d  n o n -o ccu p a tio n a l 
e n e rg y  c o s t (9 p e rc e n t com pared to 11 p e r c e n t) .
T he r a n g e  of th e  frac tio n a l p o rtio n  of TEE fo r th e  five  g ro u p s  
ag ed  50-65 co m p ris in g  G roup A was 0.41 to  0.92 x BMR. T he ra n g e  
fo r  o ccu p a tio n a l e n e rg y  e x p e n d itu re  was 0.14 to  0 .48 x BMR an d  fo r
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n o n -o c c u p a tio n a l e n e rg y  e x p e n d itu re  0 .27 to  0 .61 x  BMR. T he c o r r e ­
sp o n d in g  f ig u re s  fo r th e  m iners w ere 1 .2 2 , 0 .76  an d  0 .43 x  BMR an d  
fo r th e  c le rk s  0 .6 6 , 0 .25 an d  0.41 x BMR. The a c tiv ity  p a t te r n  o f th e  
fa rm e rs  (T ab le  7 .8 )  was so d if fe re n t th a t  th e y  sh o u ld  be  c o n s id e re d  
s e p a ra te ly  in  an y  es tim ate  of v a r ia b ili ty  of a g g re g a te d  g ro u p s .
T he lack  of in fo rm ation  on a c tiv ity  p a t te r n s  an d  th e ir  re la tio n sh ip  
to d if fe re n c e s  in  in d iv id u a l an d  env iro n m en ta l c irc u m stan c es  was s t r e s ­
sed  in  th e  FAO/WHO/UNU (1985) r e p o r t .  B erio  an d  P e ris se  (1984) 
d e s c r ib e d  th e  FAO program m e o f w ork on a c tiv ity  p a t te r n s  an d  e n e rg y  
e x p e n d i tu re  w hich h a s  a lo n g -te rm  ob jec tiv e  of d e fin in g  a ty p o lo g y  o f 
a c tu a l a c t iv i ty  p a t te r n s  b a se d  on d a ta  from m any more su b je c ts  th a n  a re  
p r e s e n t ly  av a ilab le .
In  th e  H isto rica l Review sec tio n s  3 .8 .2 .2  and  3 .1 0 , th e  d ev e lo p ­
m ent o f th e  p h y s ic a l a c tiv ity  q u e s tio n n a ire  fo r u se  in  epidem iological 
r e s e a r c h  w as d is c u s s e d . Some o f th e se  q u e s tio n n a ire s  d e te rm in e  th e  
lev e l o f p h y s ic a l a c tiv ity  in  an abso lu te  sen se  b y  ca lcu la tin g  an a v e ra g e  
lev e l o f e n e rg y  e x p e n d itu re  o v e r a c e r ta in  p e rio d  o f tim e, e x p re s s e d  in  
m etabolic e q u iv a le n ts  o r k ilo ca lo ries , while o th e rs  p ro v id e  a re la tiv e  
ra n k in g  of p h y s ic a l a c tiv itie s  among su b je c ts  in  th e  s tu d y  p o p u la tio n . 
T h ey  a lso  v a ry  in  th e  em phasis p laced  on o v era ll lev e l of e n e rg y  e x p e n ­
d i tu r e ,  e n e rg y  co st o f p h y s ica l a c tiv itie s  d u r in g  w o rk , a n d /o r  le is u re ,  
o r  p h y s ic a l a c tiv ity  th a t  is  like ly  to  lead  to  an  in c re a se  in  c a rd io v a sc u ­
la r  f i tn e s s .  T he m any q u e s tio n s  rem ain ing  to be an sw ered  ab o u t th e se  
in s tru m e n ts  w ere rev iew ed  b y  W ashburn  an d  Montoye (1986). T hey  also 
rev ie w e d  some o f th e  more im p o rtan t s tu d ie s  u s in g  them  and  concluded  
th a t  ng iv e n  th e  v a r ie ty  o f p h y s ica l a c tiv ity  q u e s tio n n a ire s  w ith th e ir  
in h e re n t  in a c c u ra c ie s , i t  is  som ew hat rem ark ab le  th a t  any  re la tio n sh ip  
h a s  b e e n  show n betw een  p h y s ica l a c tiv ity  sco re s  and  ch ro n ic  d isease  o r  
r i s k  fa c to rs  a sso c ia ted  w ith d ise a se ."
S im ilarly , any  ag reem en t betw een  d a ta  from d e ta iled  s tu d ie s  o f a 
few in d iv id u a ls , su ch  as th o se  of th e  th e s is  and  th o se  o f q u e s tio n n a ire s  
is  u n e x p e c te d , b u t  some com parisons can  be m ade. For exam ple, 
H ag lu n d , (1984) u s in g  a sing le  m ultip le-cho ice q u e s tio n , found  th a t  fo r 
men th e re  was no co rre la tio n  betw een  p h y s ica l a c tiv ity  d u r in g  le isu re
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tim e a n d  a t w ork  in  th e i r  c ro s s  sec tio n a l s tu d y  o f 7,986 in d iv id u a ls  in  
th e  ag e  ra n g e  o f 27 to  75 in  a Sw edish  r u r a l  c o u n ty .
U sing  some o f th e  d a ta  from th is  s e r ie s  o f s tu d ie s  to g e th e r  w ith  
some from  g ro u p s  o f y o u n g e r  m en, to ta l  n u m b er 178, W heatcroft 
(u n p u b lis h e d  m a n u s c r ip t) , fo u n d  th a t  p h y s ic a l a c tiv ity  a t w ork  w as 
re la te d  to  TEE ( r  0 .68 ) w h ereas  fo r p h y s ic a l a c tiv ity  a t le is u re  an d  
TEE, th e  re la tio n sh ip  was r  0 .0 9 . T he re la tio n sh ip  be tw een  
o ccu p a tio n a l a n d  n o n -o ccu p a tio n a l p h y s ic a l a c tiv ity  was r  -0 .1 1 . She 
co n c lu d ed  th a t  p h y s ic a l a c tiv ity  a t w ork  was th e  more im p o rtan t 
d e te rm in a n t o f  TEE an d  th a t  time sp e n t in  m odera te  a c tiv ity  w as th e  
m ost im p o rta n t in d e x  o f TEE. A com parison  o f th e  two g ro u p s  o f 
s e d e n ta ry  w o rk e rs  show ed th a t  th e  d iffe re n c e  in  TEE was acco u n ted  fo r 
b y  e n e rg y  e x p e n d e d  in  w alk ing  an d  m odera te  a c tiv it ie s  in  le isu re  tim e.
A r e p o r t  b y  S a llis , e t a l . , (1985) of th e  u se  o f th e  S ta n fo rd
p h y s ic a l a c t iv ity  a sse ssm e n t m ethod on a p o p u la tio n  o f 1,006 men found  
th a t  o ccu p a tio n  was re la te d  to  th e  ap p ea ran ce  in  th e  a c tiv ity  p a t te r n  of 
m o dera te  a n d  v ig o ro u s  a c tiv ity  (d e fin e d  as 3 .0 -5 .0  an d  7 .0  o r g re a te r  
METs r e s p e c t iv e ly ) . Levels of th e se  a c tiv it ie s  w ere h ig h e s t w here  
e d u c a tio n a l lev e l was also h ig h  and  th e  a c tiv it ie s  took  p lace  in  le isu re  
tim e. L evel o f ed u ca tio n  was also found  to  be p o s itiv e ly  re la te d  to  a 
le is u re  tim e a c tiv ity  in d e x  fo r males b y  B aecke , B urem a an d  F r i t t e r s  
(1982) a n d  b y  T a y lo r, C offey , B e r ra ,  e t a l . , (1 9 8 4 ) .
T he  d a ta  o f H ag lund , (1984) also show ed d iffe re n c e s  be tw een
socio-econom ic g ro u p s  r e g a rd in g  p h y s ic a l a c tiv ity  d u r in g  le isu re  h o u rs .  
T h a t o f c iv il s e r v a n ts ,  who can be com pared  to th e  e x e c u tiv e s , was 
h ig h e r  th a n  th a t  o f o th e r  w o rk e rs . T h e ir  fa rm ers  w ere c h a ra c te r iz e d  
b y  a h ig h  d e g re e  o f p h y s ica l a c tiv ity  a t w ork an d  a low d e g re e  d u r in g  
le is u re  tim e. T h is  is  in  ag reem en t w ith o u r f in d in g s .
M etabolic c o n s ta n ts  b a sed  on BMR fo r in d iv id u a l a c tiv itie s  w ere 
u s e d  in  th e  F A O / W H O /U N U  (1985) r e p o r t .  S a llis , e t a l . ,  (1985)
e n d o rse d  th e  u se  o f su ch  s ta n d a rd  u n its  as an  im p o rtan t t r e n d  in
allow ing in v e s t ig a to rs  to  com pare r e s u l ts  of s tu d ie s .  C om parisons b e ­
tw een  g ro u p s  of o ccupa tiona l and  n o n -o ccu p a tio n a l e n e rg y  c o s ts  is  also
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sim plified  b y  th e  u se  of s ta n d a rd  u n its  su c h  as th e  ra tio  of e n e rg y  
e x p e n d e d  in  th e se  a c tiv itie s  to BMR u se d  in  T able 7 .6 .
I t h a s  b een  p o ssib le  to make some com parisons w ith th e  follow ing 
tw o s tu d ie s ,  in  w hich d a ta  was o b ta in ed  b y  th e  q u e s tio n n a ire  m ethod , 
b e c a u se  in  b o th  case s  some f in d in g s  have  b een  e x p re s s e d  in  k ilocalo­
r ie s .  In  th e  case  o f th e  H a rv a rd  alumni s tu d y  (P a f fe n b a rg e r , e t a l . , 
(1986) th e  e n e rg y  e x p e n d e d  in  a c tiv itie s  w hich a re  lik e ly  to  lead  to  an  
in c re a s e  in  c a rd io v a s c u la r  f i tn e s s  was q u a n tif ie d .
T a y lo r , e t a l . , (1978) s tu d ie d  th e  le isu re  time p h y s ic a l a c t iv ity  o f 
1 ,750 men ag ed  36-59 y e a rs  who th e y  r e g a rd e d  as re la tiv e ly  s e d e n ta ry  
an d  hom ogeneous in  o n -th e - jo b  a c tiv ity . T hey  u se d  th e  M innesota LTA 
q u e s tio n n a ire  w hich is  v e ry  de ta iled  and  in c lu d es  in te n s ity  codes fo r 
each  a c t iv i ty .  T he mean e n e rg y  cost o f LTPA was 240 k c a l /d a y . In  
c o n t r a s t ,  in  all th e  th e s is  g ro u p s , th e  e n e rg y  co st of n o n -o ccu p a tio n a l 
w ork  a n d  n o n -o ccu p a tio n a l w alking com bined ex ceed ed  240 k c a l /d a y . 
I t w as le a s t fo r  th e  b u ild in g  and  c le rica l w o rk e rs  (ab o u t 450 k c a l/d a y )  
an d  g r e a te s t  fo r th e  ex ec u tiv e s  and  s tee l w o rk ers  (800 k c a l/d a y  an d  900 
k c a l /d a y ,  r e s p e c t iv e ly ) .  In th e  la t te r  g ro u p s  some of th e  a c tiv it ie s  fell 
in to  th e  h e a v y  in te n s i ty  ra n g e  o f o v er 6 k ca l/ m inu te , w hich c o n tr ib u t­
ed  42 p e rc e n t  of th e  240 k c a l/d a y  sp en t b y  th e  T a y lo r , e t a l . ,  (1978) 
g ro u p .  T h ese  a c tiv itie s  w ere defined  as "m odera te” th a t  is  th e  e n e rg y  
c o s t was 5 .0 -7 .4  k ca l/m in u te . T hey  could be com pared to  th e  v ig o ro u s  
a c tiv it ie s  d e fin e d  as like ly  to reac h  p eak s  o f 7.5 k ca l/m in u te  b y  M orris , 
e t a l . ,  (1980 ).
P a f fe n b a rg e r ,  e t a l . , (1986) found  th a t  fo r a g ro u p  o f 16,936
H a rv a rd  a lum ni, ag ed  35-74, e n e rg y  ex p en d ed  in  w alk ing , s ta ir-c lim b in g  
a n d  s p o r ts  p la y , was in v e rse ly  re la te d  to m o rta lity . I f  th e  e n e rg y  cost 
o f th e s e  a c tiv it ie s  re a c h e d  500 k ca l/w eek  to  3500 k ca l/w eek , th e re  was a 
s te a d y  d ec lin e  in  d e a th  r a te s .  For com parison w ith th e se  f ig u re s ,  th e  
ac tu a l n u m b e r o f k ilocalo ries ex p en d ed  in  w alking p e r  week b y  each  
g ro u p  is  show n in  T able 7 .9 . The mean e n e rg y  ex p en d e d  in  w alk ing  
in  le is u re  tim e alone ra n g e d  from 1540 k ca l/w eek  for th e  c le rica l w o rk ­
e r s  to  2653 k ca l/w eek  fo r th e  s tee l w o rk e rs . When o ccupa tiona l w alk ing  
w as a d d e d , th e  e n e rg y  cost o f all w alking ra n g e d  from 2569 k ca l/w eek
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fo r th e  c le r ic a l w o rk e rs  to  4697 k ca l/w eek  fo r th e  b u ild in g  w o rk e rs . 
H ow ever a t th e  in d iv id u a l level w here th e  e ffec t on d e a th  r a te  o c c u r s , 
la rg e  v a r ia t io n s  in  th e  e n e rg y  e x p en d e d  in  each  g ro u p  w ere p r e s e n t .  
O f th e  84 men in  th e  s ix  g ro u p s  ag ed  50-65 y e a r s ,  55 p e rc e n t (46) 
e x p e n d e d  b e tw een  1500 an d  3500 k ca l/w eek  in  w alk ing , 21 p e rc e n t (18) 
sp e n t  b e tw ee n  3500 and  5500 k ca l/w eek , 7 p e rc e n t (5) s p e n t in  e x c e ss  
o f 5500 k c a l/w e e k , 14 p e rc e n t sp e n t be tw een  500 an d  1500 k ca l/w eek  
an d  none s p e n t le s s  th a n  500 k ca l/w eek .
C om parison  w ith  y o u n g e r  g ro u p s  o f s tu d e n ts  an d  te c h n ic ia n s  show s 
th a t  th e  e n e rg y  e x p e n d e d  in  w alking an d  ra n g e  of v a r ia tio n  is  more 
sim ilar to  th a t  o f th e  ex e c u tiv e s  th a n  to  th a t  of th e  c le rica l w o rk e rs .
M oderate  a c tiv ity  w ith an  e n e rg y  cost of be tw een  5 and  7 .4  k c a l/ -  
m inu te w ould be  e q u iv a len t to  th e  c la ss ifica tio n  o f s p o r ts  b y  
P a f fe n b a rg e r ,  e t a l . , (1986) as lig h t (5 kca l/m in ) an d  m ixed (7 .5
k c a l/m in u te )  while h e a v y  a c tiv ity  would c o rre sp o n d  to  v ig o ro u s  sp o r t 
(10 k c a l /m in ) .  The la t te r  two leve ls  of e n e rg y  co st m ight be  e x p e c te d  
to  b e  a s so c ia te d  w ith  f itn e s s  in  th e  in d iv id u a l. B ecause  of th e  v a r ia tio n  
in  m o d e ra te  a c tiv ity  in  each  g ro u p  ad d itio n  o f e n e rg y  ex p en d e d  in  
m o d era te  a c t iv ity  to  w alking was no t m eaningfu l fo r g ro u p s . Some 
in d iv id u a ls  in  each  g ro u p , in  add ition  to w alk ing , e x p en d e d  e n e rg y  a t 
th e  m o d e ra te  lev e l o f 5 -7 .5  kca l/m in u te  (a ll 9 s te e l w o rk e rs , 21 o f 22 
fa rm e rs , all 9 e x e c u tiv e s  and  5 b u ild in g  w o rk e rs ) .  O nly s te e l w o rk e rs  
an d  fa rm e rs  in c lu d e d  w ork a t th e  h ig h e s t in te n s i ty  in  th e ir  a c tiv it ie s .
I t is  g e n e ra lly  a g re e d  (D u rn in  an d  P assm ore , 1967; H isto rical 
R ev iew , P a r t  2 ,)  th a t  th e se  a c tiv it ie s , w hen th e y  a re  o f a c e r ta in  
d u ra tio n  a n d  in te n s i ty ,  a re  a sso c ia ted  w ith  th e  m ain tenance of norm al 
h e a l th ,  th e  p re v e n tio n  o f d eg en e ra tiv e  d isea ses  and  p e rh a p s  w ith  a 
sm all in c re a s e  in  life  e x p e c ta n c y . P re se n ta tio n  of th e ir  e n e rg y  co st in  
te rm s  o f to ta l  k iloca lo ries  s p e n t p e r  week a t th e  re q u is i te  in te n s i ty  leve l
is  an  in te r e s t in g  new t r e n d .
T he p h y s ic a l a c tiv ity  of th e  m ajority  of th e  men s tu d ie d  met o r 
e x ce ed ed  th e  P a ffe n b a rg e r  c r i te r ia .  The g ro u p  e n e rg y  co st o f w alk ing  
e x p re s s e d  as a ra tio  to  th e  "UNU"-BMR is  g iven  in  T able 7 .6  to g e th e r  
w ith  th e  g ro u p  e n e rg y  cost p e r  m inu te , u n c o rre c te d  fo r w e ig h t.
164
W alking fe ll in to  th e  c a te g o ry  o f m o d era te  w ork  (5 -7 .4  k c a l/m in .)  fo r 
five  o f th e  g ro u p s .  T he "UNU"-BMR fa c to rs  a sso c ia te d  w ith  th e se  
le v e ls  o f a c t iv ity  w ere  be tw een  4 .2  -  5 .2  x  BMR.
I n te r e s t  in  le isu re  tim e p h y s ic a l a c t iv ity  is  b a se d  on th e  p rem ise  
th a t  d if fe re n c e s  in  o ccu p a tio n a l e n e rg y  e x p e n d itu re  a re  sm all. A lthough  
th is  was n o t fo u n d  in  th e  g ro u p s  s tu d ie d , w hich w ere se lec ted  p re c ise ly  
b e c a u se  th e y  w ere e x p e c te d  to  e x h ib it a wide ra n g e  of o ccu p a tio n a l 
e n e rg y  e x p e n d i tu re ,  th e  com ponents of n o n -o ccu p a tio n a l p h y s ic a l a c tiv i­
ty  a re  show n in  T ab le  7 .10 fo r com parison  w ith  th e  s tu d ie s  w hich focus 
on le isu re - tim e  p h y s ic a l a c t iv i ty .  T he b reak d o w n  also  d em o n stra te s  th a t  
th r e e  o f  th e  g ro u p s , th e  s te e l w o rk e rs , l ig h t in d u s t r y  w o rk e rs , an d  th e  
e x e c u tiv e s  w ere more a c tiv e , th a t  i s ,  ex p en d e d  ab o u t double th e  e n e rg y  
in  n o n -s i t t in g  a c t iv it ie s ,  th a n  th e  b u ild in g  an d  c le rica l w o rk e rs . T h u s , 
v e ry  d if fe re n t p a t te r n s  o f le isu re  time p h y s ic a l a c t iv ity  w ere found  in  
tw o g ro u p s  o f s e d e n ta ry  w o rk e rs  and  in  two g ro u p s  in  m odera te  to  
h e a v y  o cc u p a tio n s . The sh o r t w ork in g  w eek of th e  s te e l w o rk e rs  made 
a sim ilar com parison  w ith them  le ss  co n v in c in g . T he m onth o f th e  
s u rv e y  may also h av e  som ew hat a ffe c te d  o u t-d o o r  le isu re  ac tiv itie s  s ince 
th e  c le r ic a l an d  b u ild in g  w o rk e rs  w ere s tu d ie d  in  O ctober to  N ovem ber 
an d  th e  e x e c u tiv e s  an d  tw elve lig h t in d u s tr y  w o rk e rs  in  May an d  J u n e .
Y asin , A ld e rso n , M arr, e t a l . , (1967) who u s e d  a system  o f daily  
a c tiv ity  sc o re s  to  a s s e s s  th e  p h y s ic a l a c tiv ity  o f 117 male ex ec u tiv e  
g ra d e  C ivil S erv ice  o ff ic e rs  ag ed  40-54 y e a rs  found  th a t  ev en  in  su c h  a 
co m p ara tiv e ly  hom ogenous g r o u p , th e re  was a d iffe re n c e  of 80 p o in ts  
p e r  d ay  w ith in  a ra n g e  of 217 to  439 p o in ts  p e r  day  be tw een  th e  m eans 
o f th e  ac tiv e  th i rd  an d  th e  in a c tiv e  th i r d .
T he s im ila rity  of th e  le isu re  time p h y s ic a l a c tiv ity  o f th e  lig h t 
in d u s t r y  w o rk e rs  to th a t  of th e  ex e c u tiv e s  a g re e s  w ith th e  f in d in g  of 
H ag lu n d , (1984) th a t  sk illed  w o rk e rs  in  common w ith more h ig h ly  
e d u c a te d  men in c lu d ed  more p h y s ica l a c tiv ity  in  th e ir  le isu re  tim e.
7 .2 .2  Women -  to ta l e n e rg y  e x p e n d i tu re . I t was show n th a t  in  th e  
th r e e  o ccu p a tio n a l g ro u p s  c o n s is tin g  of in d iv id u a ls  ag ed  betw een  50 and  
65 y e a rs  th e re  w ere no s ig n if ican t d iffe re n c e s  be tw een  th e ir  mean daily
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to ta l  e n e rg y  e x p e n d itu re  (TEE) m easu red  o v e r  se v e n  d a y s . T he h o u se ­
w ives w ith  fam ily who a re  also r e f e r r e d  to  in  th is  sec tio n  as " h o u se -  
w iv e s-  6 th  d e c a d e " , w ere n o t c le a rly  d if fe re n tia te d  from  th e  fa c to ry  
w o rk e rs ,  as m ight h av e  b een  e x p e c te d , e i th e r  in  TEE o r  in  tim e an d  
e n e rg y  s p e n t in  w ork  o f m odera te  e n e rg y  c o s t.
T he n a rro w  ra n g e  o f th e  d if fe re n tia l be tw een  g ro u p s  o f women is  
i l lu s t r a te d  in  T ab le 7 .11 w hich  com pares th e  e n e rg y  e x p e n d itu re  o f 
e lev en  g ro u p s  s tu d ie d ,  w ith  th e  e x ce p tio n  o f two g ro u p s , b y  th e  same 
m e th o d s . T h re e  g ro u p s  h ad  a mean age of le ss  th a n  25 y e a r s ,  one 
g ro u p  a m ean age be tw een  25 an d  35 y e a r s ,  five  g ro u p s  a mean age 
b e tw een  51 an d  59 y e a r s ,  an d  two g ro u p s  a mean age be tw een  65 an d  
66 y e a r s .  T he on ly  age  g ro u p  in  w hich th e re  is  a d iffe re n c e  o f more 
th a n  ab o u t 150 k c a l /d a y  is  th a t  w ith  th e  mean age be tw een  51 and  59 
y e a r s ,  w h ere  th e  TEE o f tw elve u rb a n  m id d le -ag ed  housew ives (D u rn in , 
e t a l . , 1957) d if fe re d  b y  890 k c a l/d a y  (42%) from th a t  o f e ig h t r u r a l  
Sw iss wom en, who com bined farm ing  w ith  h o u sew o rk  an d  whose TEE was 
2,980 k c a l /d a y  (D u rn in , B lake , and  G sell, u n p u b lish e d  d a ta ) .  B etw een 
th e  S c o ttish  g ro u p s  in  th e  same age ra n g e  th e re  was a d iffe re n c e  of 420 
k c a l /d a y  (20%). No g ro u p s  eq u iv a len t to  th e  male c le rica l w o rk e rs  
w hose w ork  e n ta ile d  long  p e r io d s  of s i t t in g  w ere fo u n d  in  an y  o f th e  
age g ro u p s  fo r com parison . A g re a te r  v a r ia tio n  m ight th e n  hav e  b een  
fo u n d .
T he TEE of th e  s lig h tly  o ld e r  g ro u p  o f re la tiv e ly  s e d e n ta ry  
C anad ian  women (2 ,000 k c a l/d a y )  s tu d ie d  b y  S idney  an d  S h e p h a rd  
(1977) d if fe re d  li ttle  from th a t  of th e  h o u sew iv es . In th is  s tu d y  a 
s e v e n -d a y  p ro sp e c tiv e  re c o rd  of a c tiv it ie s  was made b y  each  in d iv id u a l 
a n d  s ta n d a rd  v a lu es  from th e  l i te r a tu r e  w ere u se d  to  o b ta in  e n e rg y  
c o s ts  an d  an  estim ate  of TEE (H is to rica l R eview , P a r t  2 ) .  A g ro u p  o f 
y o u n g e r  (m ean age 31 y e a rs )  housew ives w ith  y o u n g  c h ild re n  s tu d ie d  
b y  G rieve (1967) u s in g  th e  same m ethod h ad  a TEE of 2,340 k c a l /d a y , 
w hich  was com parab le  to  th a t  of th e  sew ing m achine fa c to ry  w o rk e rs  
(2 ,320  k c a l /d a y ) .  T he mean w eigh t of th e  la t te r  g ro u p  ex ceed ed  th a t  
o f th e  y o u n g  housew ives b y  ap p ro x im ate ly  5 k ilo g ram s. No
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m ethodolog ically  sim ilar s tu d ie s  o f women in  th e  y o u n g e r  age  g ro u p s , 
w hose o ccu p a tio n s  cou ld  b e  c o n s id e re d  h e a v y , w ere found  fo r 
c o m p a riso n .
S a llis , e t a l . ,  (1985) s tu d ie d  1,120 women ag ed  be tw een  20 an d  74 
y e a r s  u s in g  a s e v e n -d a y  p h y s ic a l a c tiv ity  re c a ll an d  es tim ated  TEE on 
th e  b a s is  o f 1MET = 1 k c a l /k g /h r .  T h ey  found  no d iffe re n c e s  in  TEE 
b e tw ee n  one m anual g ro u p  an d  two s e d e n ta ry  g ro u p s  w hich w ere la ­
b e lled  "m an ag e ria l” an d  " s tu d e n t" .  The TEE o f th e  170 m anual w o rk e rs  
w as 2 ,360 k c a l /d a y  a n d  o f th e  402 m anageria l w o rk e rs  an d  66 s tu d e n ts  
w as 2,330 k c a l /d a y  e a c h , b o th  of w hich f ig u re s  w ere sim ilar to  o v e r and  
u n d e r  ag e  50 g ro u p s  o f s tu d e n ts ,  h o u sew iv es , an d  fa c to ry  w o rk e rs . A 
g ro u p  o f 368 hom em akers h ad  a TEE o f 2,240 k c a l /d a y  an d  th a t  of a 
g ro u p  o f 64 r e t i r e d  women was 2,130 k c a l /d a y . E stim ated  k ilocalo ries 
p e r  d ay  w ere re la tiv e ly  fla t a c ro ss  th e  age ra n g e  ex ce p t fo r a small 
in c re a s e  in  th e  50-64 age g ro u p .
W heatcroft (u n p u b lish e d  d a ta )  ca lcu la ted  th e  co -e ff ic ien t of 
v a r ia tio n  o f e n e rg y  e x p e n d itu re  of a g ro u p  of 103 a d u lt women w hich 
in c lu d e d  th e  se r ie s  of s tu d ie s  p re s e n te d  in  th is  th e s is .  She com pared 
it  to  th e  c o -e ff ic ie n ts  o f v a r ia tio n  o f each  o f e ig h t o ccupa tiona l g ro u p s . 
T h a t of th e  whole g ro u p  was 16 p e rc e n t .  Two of th e  e ig h t g ro u p s  h ad  
a h ig h e r  v a r ia tio n  th a n  th e  whole g r o u p , in  s ix  i t  was re d u c e d  to 
b e tw een  8 an d  15 p e rc e n t .  She con c lu d ed  th a t  fo r  women o ccupa tion  
was n o t as good a p re d ic to r  of TEE as i t  was fo r m en.
T h is  was also t r u e  of g ro u p s  w hen th e y  w ere com pared  b y  th e  age 
ra n g e s  p re v io u s ly  d e sc r ib e d . The on ly  y o u n g e r  g ro u p s  fo r w hich th e  
c o -e ff ic ie n t o f v a r ia tio n  was availab le  w ere a g ro u p  o f tw elve salesw om en 
o f m ean age 21 y e a rs  in  w hich it  was 13 p e rc e n t an d  two g ro u p s  o f 
m edical s tu d e n ts  s tu d ie d  b y  H appold (1945), in  w hich th e  v a r ia tio n  from 
th e  m eans o f 2,350 an d  2,410 k c a l/d a y  w ere 8 an d  11 p e rc e n t ,  r e s p e c ­
tiv e ly .  T he v a r ia tio n s  in  th e  g ro u p s  ag ed  50-65 y e a rs  (T ab le  7 .12) 
w ere  13 p e r c e n t ,  10 p e rc e n t and  18 p e rc e n t .  No firm  conclusion  can  be  
d raw n  th a t  a d v an c in g  age leads  to  a g r e a te r  o r le s s e r  v a r ia tio n  in  TEE 
in  g ro u p s  in  w hich TEE was sim ilar.
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A s ig n if ic a n t d iffe re n c e  in  w eigh t fo u n d  b e tw een  th e  h o u se w iv e s , 
s ix th  d e c a d e , an d  sew ing  m achine w o rk e rs  m ight be  e x p e c te d  to  in ­
c re a se  th e  d if fe re n tia l  b e tw een  th em . When m ean e n e rg y  e x p e n d itu re  
p e r  k ilogram  b o d y  w eigh t was c o n s id e re d , a s ig n if ic a n t d iffe re n c e  was 
fo u n d  a lth o u g h  th is  was n o t so in  a com parison  of m ean e n e rg y  e x p e n ­
d i tu r e .  T he  c o -e ff ic ie n ts  of v a r ia tio n  com pared  to  th o se  o f mean to ta l 
e n e rg y  e x p e n d itu re  in  k iloca lo ries  p e r  d ay  in c re a s e d  from 10 p e rc e n t to  
21 p e rc e n t  fo r th e  sew ing  m achine w o rk e rs  T h is  in d ic a te d  th a t  w hen an  
allow ance w as m ade fo r  th e  e ffe c t o f w e ig h t, th e re  was a w ider ra n g e  in  
e n e rg y  e x p e n d e d  b y  in d iv id u a ls . T he v a r ia tio n  rem ained  th e  same fo r 
th e  h o u sew iv es  an d  d e c re a se d  b y  1.5  p e rc e n t in  th e  b a k e ry  w o rk e rs .
T he  lack  o f d iffe re n c e  be tw een  th e  g ro u p s  w as also  a p p a re n t w hen 
B M R -based  fa c to rs  fo r  to ta l e n e rg y  e x p e n d itu re  (TEE) w ere com pared . 
In  o rd e r  to  com pare th e  f in d in g s  fo r TEE to  th e  re q u ire m e n ts  fo r 
d if fe re n t  o ccu p a tio n a l g ro u p s  su g g e s te d  in  FAO/WHO/UNU (1985) th e y  
w ere c a lc u la te d  as fa c to rs  o f BMR. T he BMR, w hich was em ployed in  
all th e  s tu d ie s  fo r  estim ation  o f in d iv id u a l e n e rg y  e x p e n d itu re  w hen 
as leep  an d  w hich  was ca lcu la ted  from th e  su rfa c e  a re a  a f te r  F leisch  
(1 9 5 1 ), was u s e d  as denom inato r to  o b ta in  one s e t o f BMR fa c to rs  fo r 
TEE (T ab le  7 .1 3 ) .
T he BMR, d e r iv e d  from th e  p re d ic tio n  e q u a tio n s  8 . 7W + 829 fo r 
in d iv id u a l women ag ed  30-60 an d  1 0 .5W + 596 fo r in d iv id u a l women ag ed  
g r e a te r  th a n  60 y e a r s ,  w hich w ere g iv en  in  th e  FAO/W HO/UNU, (1985) 
r e p o r t ,  w as used to  o b ta in  a second  s e t o f BMR fa c to rs  fo r TEE (T ab le  
7 .1 4 ) .
T h e re  was no s ig n if ic a n t d iffe re n c e  b e tw een  th e  g ro u p s  w hen TEE 
w as e x p re s s e d  as th e  mean Fleisch-BM R fa c to r  (T ab le  7 .1 3 ) . T he ra n k  
o r d e r  o f th e  h o usew ives and  sew ing m achine w o rk e rs  was re v e r s e d  w hen 
TEE was e x p re s s e d  as th e  BMR fa c to r  (1 .80  an d  1.73 x  BMR, r e s p e c ­
t iv e ly ) ,  r a th e r  th a n  as k c a l/d a y  (2,260 an d  2,320 k c a l /d a y  r e s p e c t iv e ­
ly ) .
T he v a r ia tio n  w ith in  o ccu p a tio n s  u s in g  TEE fa c to rs  was d if fe re n t in  
some g ro u p s .  The c o -e ff ic ie n ts  of v a r ia tio n  w ere in c re a s e d  from 10 
p e rc e n t  to  13 p e rc e n t  fo r sew ing  m achine w o rk e rs , d e c re a se d  fo r  th e
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h o u sew iv es  w ith  fam ily from 13 p e rc e n t to  11 p e rc e n t  an d  d e c re a se d  fo r 
th e  b a k e ry  w o rk e rs  from 18 p e rc e n t  to  12 p e rc e n t .  T hese  p e rc e n ta g e  
c h a n g e s  w ere  sm aller fo r th e  two g ro u p s  o f fa c to ry  w o rk e rs  th a n  th o se  
fo u n d  w hen  TEE as k c a l/d a y  w ere com pared  to  k c a l /d a y /k g ,  b u t  w ere 
in  th e  same d ire c tio n . S im ilarly fo r th e  housew ives th e re  was 2 p e rc e n t 
c h a n g e  w h ere  li tt le  h ad  b een  seen  p re v io u s ly . T h e re  was g re a te r  
v a r ia tio n  in  w eigh t am ongst th e  b a k e ry  w o rk e rs  (CV 22%) an d  sew ing  
w o rk e rs  (CV 19%) th a n  in  th e  housew ives (CV 16%).
T he  m ean "UNU" -  BMR fa c to r  fo r TEE (T ab le  17.14) was low er 
fo r  each  g ro u p  th a n  th e  F leisch  BMR fa c to r  an d  th e  ra n k  o rd e r  d iffe re d  
w hen com pared  to  k ilocalo ries  p e r  d ay . The TEE fa c to r  fo r th e  h o u se ­
w ives w ith  fam ily (1 .72  x BMR) ex ceed ed  th a t  of th e  sew ing  w o rk ers  
(1 .6 4  x  BM R). T h is  ra n k  re v e r s a l  u s in g  b o th  "F le isch" an d  "UNU" 
TEE fa c to rs  r e s u lte d  p r in c ip a lly  from th e  p re se n c e  in  th e  g ro u p  o f
h o u sew iv es  o f sev en  women ag ed  more th a n  60 y e a r s ,  w hose BMR was 
c a lc u la te d  from  a d if fe re n t p re d ic tio n  eq u a tio n  th a n  th e  women who w ere 
ag ed  60 y e a rs  an d  u n d e r .  F u r th e r  d iscu ss io n  of th is  anom aly will 
fo llow .
T he u s e  of fa c to rs  b a sed  on BMR d e riv e d  e i th e r  from s u rfa c e  a re a  
o r from w eigh t do no t a l te r  th e  conclusion  th a t  in  th e  age g ro u p  50-65 
y e a r s  th e re  was li ttle  d iffe re n ce  betw een  th e  TEE o f g ro u p s  o f women, 
w hich  w ere se lec ted  b ecau se  i t  was e x p ec ted  th a t  a d iffe re n ce  w ould be 
fo u n d . T he sim ilarly  ca lcu la ted  f ig u re  fo r y o u n g  housew ives w ith
c h ild re n  was 1.8  x BMR, th e  same as b a k e ry  w o rk e rs  (1 .81  x BM R).
T he BMR o f th e  C anadian  women could  no t be  es tim ated  from th e  d a ta
p u b lis h e d .
T he r e s u l t s  o f u s in g  in d iv id u a l f ig u re s  fo r BMR b a se d  on th e  
p re d ic tio n  eq u a tio n s  g iven  in  th e  FAO/W HO/UNU, (1985) r e p o r t  to
c a lcu la te  a BMR b a se d  fa c to r  fo r TEE o f each  in d iv id u a l and  u s in g  th e se  
to  o b ta in  m eans of th e  g ro u p s  em phasized th e  im portance  o f a c r it ic a l 
a p p ro a c h  to  th e  u se  o f th e  va lu es  as i t  d id  w ith th e  m en. Two cau tio n s  
m ade in  th e  r e p o r t  and  exam ined in  th e  d iscu ss io n  of th e  r e s u l ts  fo r 
th e  male g ro u p s  w ere th o se  n o tin g  th a t an age ra n g e  of 60 y e a rs  o n ­
w ard s  fo r ca lcu la tion  of BMR and  e n e rg y  re q u ire m e n ts  is  too b ro a d  and
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th a t  th e  u n c r it ic a l  u se  o f a r tif ic ia l d iv id in g  lin es  will in tro d u c e  e r r o r s  
a n d  in c o n s is te n c ie s .
T he m eans o f BMR o b ta in ed  b y  two d if fe re n t m ethods a re  show n in  
T ab le  7 .1 5 . T he m ean o f th e  "UNU" -  BMR fo r  in d iv id u a ls  in  each  
g ro u p  ex c e e d e d  th a t  o f th e  mean o f th e  F leisch-B M R  b y  5 p e rc e n t  in  
h o u sew iv es  w ith  fam ily an d  sew ing  w o rk e rs  an d  b y  7 p e rc e n t in  th e  
b a k e ry  w o rk e rs .  I f  th e  "UN U "- BMR w as o b ta in e d  fo r th e  g ro u p  u s in g  
m ean w eig h t an d  m ean age from th e  p re d ic tio n  eq u a tio n s  o r  th e  ta b le s  
su p p lie d  in  th e  r e p o r t ,  th e  p e rc e n ta g e  d if fe re n c e s  w ere s lig h tly  g r e a te r  
fo r  two g ro u p s  (8%) an d  le ss  fo r one (2%).
A com parison  o f two mean BMR v a lu e s  fo r each  g ro u p  o b ta in ed  
f i r s t ly  from  th e  p re d ic tio n  eq u a tio n s  b a se d  on m ean w eigh t an d  mean 
age  an d  seco n d ly  from in d iv id u a l r e s u l t s ,  show ed th a t  w here  all in d iv id ­
u a ls  w ere  in  th e  same age g ro u p , nam ely sew ing  an d  b a k e ry  w o rk e rs , 
th e  m ean o f th e  in d iv id u a l BMR was 44 k c a l /d a y  more fo r th e  fo rm er 
an d  9 k c a l /d a y  le ss  fo r th e  l a t te r .  T he e ffe c t on th e  TEE fa c to r  o f th e  
sew ing  w o rk e rs  was a v a lu e  of 1.68 x BMR u s in g  th e  m ean f ig u re  and  
1 .63 x  BMR u s in g  th e  in d iv id u a l f ig u re .  In  th e  housew ives s ix th -
d e c a d e , in  w hich th e  BMR o f sev en  women was ca lcu la ted  b y  an
e q u a tio n  w hich  assum ed  a fall in  BMR b ey o n d  age 60, th e  mean in d i­
v id u a l BMR was 35 k c a l /d a y  le ss  th a n  th e  BMR found  u s in g  m ean age
an d  m ean w e ig h t. T he re s u lt in g  TEE fa c to r  u s in g  th e  mean BMR o f 
in d iv id u a l r e s u l t s  of 1,315 k c a l/d a y  (T ab le  7 .15) was 1.72 x BMR an d  
u s in g  th e  mean age an d  mean w eight was 1.67 x BMR. I f  th e  BMR of 
each  woman was o b ta in ed  from th e  same e q u a tio n , th e  TEE fa c to r  b e ­
came 1.66 x  BMR, w hich was m uch c lo se r  to  th e  f ig u re  fo r th e  sew ing 
w o rk e rs  o f 1 .64 x BMR. The estim ated  BMR w hich b e s t  r e p r e s e n ts  th e  
a c tu a l BMR o f th e  women will n e v e r  be know n. The TEE o f th e  7 o v e r  
60 g ro u p  o f housew ives was 130 k c a l/d a y  le ss  th a n  th a t  o f th e  60 an d  
u n d e r  g ro u p . U sing  th e  a p p ro p r ia te  e q u a tio n s  fo r BMR, th e  fa c to r  fo r
each  g ro u p  was 1.7  x BMR.
T h ese  com parison  show as th e y  d id  in  th e  male g ro u p s , th a t  e r r o r  
can  be  in tro d u c e d  i f  mean age and  mean w eigh t a re  u se d  to  o b ta in  
g ro u p  m ean BMR. The va lu es  fo r BMR o b ta in ed  from th e  eq u a tio n s  a re
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th o se  o f th e  in d iv id u a l o r  hom ogeneous c la ss  w hose w eigh t fo r age  o r  
w eig h t fo r  h e ig h t is  a t th e  m idpoin t of th e  ra n g e .
T he co e ffic ien ts  o f v a r ia tio n  from th e  m ean BMR of th e  g ro u p , 
w hen th e  BMR was o b ta in ed  fo r  each  in d iv id u a l, from th e  p re d ic tio n  
e q u a t io n s ,  o r  b y  th e  F le isch  m ethod , w ere b e tw een  7 p e rc e n t an d  12 
p e rc e n t  (T ab le  7 .1 5 ) . The v a r ia tio n  u s in g  th e  F le isch  m ethod a p p e a re d  
to  b e  s lig h tly  g r e a te r ,  b u t was a t th e  m ost 3 p e r c e n t .
T he u se  of th e  h ig h e r  estim ate  o f BMR o b ta in ed  from th e  "UNU" 
p re d ic tio n  e q u a tio n s  to  o b ta in  a TEE fa c to r  fo r each  in d iv id u a l re s u lte d  
in  low er f a c to r s ,  e x c e p t fo r  women o v e r  60 y e a r s ,  com pared  to  th e  
F le is c h - fa c to r s .
T h is  r e s u l te d  in  th e  mean o f th e  "UNU" fa c to r  fo r TEE fo r all 
g ro u p s  o f women ag ed  be tw een  50 an d  65 y e a rs  (T ab le  7 .14 ) b e in g  
low er th a n  th e  mean F le isch  fa c to rs  fo r  TEE (T ab le  7 .1 3 ) . T he d if fe r ­
en ce  was le a s t in  th e  g ro u p  w hich in c lu d e d  women of o v e r 60 y e a rs  
b e c a u se , fo r s ix  of th e  sev en  in d iv id u a ls , th e  "UNU” BMR was low er 
th a n  th e  F le isch  e s tim a te . T h is  in c re a se d  th e  in d iv id u a l "UNU” TEE 
fa c to r  com pared  to  th e  F le isch  TEE fa c to r  an d  ra is e d  th e  m ean. T h is  is  
in  c o n t ra s t  to  th e  s itu a tio n  fo r women o f u n d e r  60 y e a rs  of a g e , w here  
th e  "UNU" BMR was h ig h e r  th a n  th a t  o f th e  F le isch  estim ate  an d  th e  
m ean in  com parison  was lo w ered . T he "UN U "- BMR was h ig h e r  th a n  
th e  F le isch  -  BMR in  on ly  one su b je c t ag ed  o v e r 60 w hose BMI was 
30.35 a n d  w eigh t was 70.8 k ilog ram s.
In  th r e e  in d iv id u a ls  (one housew ife , one b a k e ry  w o rk e r , and  one 
sew ing  m achine w o rk e r)  th e  TEE fa c to rs  w ere eq u a l to  o r  g r e a te r  th a n  
2 s ta n d a rd  d ev ia tio n s  from th e  mean o f th e  TEE fa c to r  of th e ir  g ro u p s . 
T h is  w as fo u n d  w hen th e  fa c to rs  w ere o b ta in ed  u s in g  b o th  F leisch  an d
"UNU” es tim a te s  of BMR.
Use o f th e  "UNU"-BMR in s te a d  o f th e  F le isch  v a lue  fo r th e  e n e rg y  
e x p e n d itu re  d u r in g  sleep  would in c re a se  th e  e s tim ated  mean TEE of each  
g ro u p  b e tw een  13 an d  22 k c a l /d a y ,  an  in s ig n if ic a n t am ount in  view of 
th e  e r r o r  a sso c ia te d  w ith  th e  m ethod .
171
Women -  p a t te r n s  o f a c t iv i ty . T he in flu en ce  o f a v a r ie ty  o f  fa c to rs  on 
th e  TEE o f  th e  g ro u p s  was exam ined . T hose w hich a ffe c te d  i t  w ere 
fo u n d  to  b e  v a r ia tio n s  in  th e  am ount o f tim e s p e n t a t w ork  an d  in  i t s  
a lloca tion  to  d if fe re n t a c tiv it ie s , th e  v a r ia tio n s  in  th e  am ount of n o n -  
o ccu p a tio n a l time an d  in  i t s  a llocation  to  d if fe re n t a c tiv itie s  an d  v a r ia ­
tio n  in  th e  e n e rg y  co s t o f th e se  o ccu p a tio n a l an d  n o n -o ccu p a tio n a l 
a c t iv i t ie s .
I t h a s  b e e n  show n th a t  th e  o ccu p a tio n a l e n e rg y  dem ands o f th e  two 
g ro u p s  o f fa c to ry  w o rk e rs  d if fe re d  b y  100 k c a l /d a y  b u t ,  u n lik e  th e  
m en, th e re  is  no com parable  s e d e n ta ry  g ro u p  w ith  whom to  com pare 
th e m , n o r  is  th e re  a g ro u p  o f y o u n g e r  in d u s tr ia l  w o rk e rs  w hose p a t ­
te r n s  o f tim e an d  e n e rg y  e x p e n d itu re  a re  sim ilarly  d e ta ile d .
In  T ab le  7 .6  th e  g ro u p s  s tu d ie d  a re  com pared  u s in g  fa c to rs  fo r 
e n e rg y  co s t d e r iv e d  in  th e  same way as th o se  fo r male g ro u p s . T h is 
m ethod is  a lso  a u s e fu l way o f com paring  g ro u p s  o f women, some o f 
whom a re  fu ll time housew ives an d  o th e rs  who also w ork o u ts id e  of th e  
hom e.
F o r th e  sew ing  m achine w o rk e rs  th e  a v e ra g e  va lue  fo r th e  e n e rg y  
co s t o f p h y s ic a l a c tiv ity  was 2 .0  x BMR d u r in g  6 .1  h o u rs  p e r  day  o f 
o ccu p a tio n a l tim e w h ereas  d u r in g  5 .8  h o u rs  p e r  d ay  th a t  o f th e  b a k e ry  
w o rk e rs  was 2 .6  x  BMR. T he com parab le  f ig u re s  from th e  
FAO/WHO/UNU (1985) r e p o r t  a re  2 .2  x  BMR fo r m odera te  w ork an d  2.8  
x  BMR fo r  h e a v y  w ork .
B oth  g ro u p s  also  sp e n t more th a n  3 h o u rs  p e r  d ay  in  n o n -o c c u p a ­
tio n a l w ork  a t an a v e ra g e  e n e rg y  co st o f 2 .7  x  BMR and  3 .0  x BMR, 
b o th  h ig h e r  th a n  th e i r  o ccupa tiona l c o s t.
When th e s e  two ca te g o rie s  w ere com bined , th e  sew ing  w o rk e rs
s p e n t  9 .2  h o u rs  p e r  d ay  a t an  a v e ra g e  co s t o f 2 .3  x  BMR an d  th e
b a k e ry  w o rk e rs  9 h o u rs  p e r  day  a t 2 .7  x  BMR. U sing th e se  v a lu es  th e  
g ro u p s  cou ld  th e n  b e  com pared  to  th e  housew ives of th e  same age who
s p e n t 6 .7  h o u rs  p e r  day  a t an  a v e ra g e  e n e rg y  cost o f 2 .8  x  BMR.
C om parison  was also p o ssib le  w ith  a g ro u p  of 45 y o u n g  housew ives 
(G rie v e , 1967) who s p e n t 9 .3  h o u rs  p e r  d ay  in  h o useho ld  m anagem ent 
an d  c h ild c a re  a t an a v e ra g e  e n e rg y  cost o f 2 .5  x  BMR. T h e ir  h o u rs  of
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w ork  w ere  th e  same as b o th  g ro u p s  o f fa c to ry  w o rk e rs  w hile th e  e n e rg y  
c o s t o f th e  w ork  w as low er th a n  th a t  o f b o th  b a k e ry  w o rk e rs  an d  
ho u sew iv es  -  6 th  d e c a d e .
T he  co m p ariso n , a lth o u g h  lim ited , does n o t in d ic a te  th a t  th e re  is  a 
d e c re a se  in  th e  e n e rg y  co s t o f o ccu p a tio n a l p h y s ic a l a c tiv ity  w ith  in ­
c re a s in g  a g e , w h e th e r  th e  co s t is  in c u r r e d  b y  h o u seh o ld  an d  c h ild ca re  
a c t iv it ie s  o r  in  a com bination  o f o u ts id e  w ork  an d  h o u seh o ld  re sp o n s ib il­
i t ie s .  T he sim ilar f in d in g  fo r TEE h a s  a lre a d y  b een  d is c u s s e d .
T he a v e ra g e  tim e sp e n t b y  s ix  em ployed C anad ian  women in  th e i r  
e a r ly  s ix tie s  in  o ccu p a tio n a l p lu s  n o n -o ccu p a tio n a l w ork  was 8 .1  h o u rs  
p e r  d a y . T h ese  women s p e n t one h o u r  le ss  in  th e  two ty p e s  of w ork  
th a n  th e  fa c to ry  w o rk e rs  an d  ju s t  o v e r  an  h o u r  lo n g e r  th a n  th e  
h o u se w iv e s -6 th  d e c a d e . U n d eres tim a te s  o f th e  e n e rg y  re q u ire m e n ts  o f 
o ld e r  women (an d  men) may r e s u l t  i f  i t  is  assum ed  th a t  th e re  is  a 
d ec lin e  in  p h y s ic a l a c tiv ity  w ith  in c re a s in g  a g e .
T he n o n -o ccu p a tio n a l e n e rg y  dem ands o f th e  two g ro u p s  o f fa c to ry  
w o rk e rs  w ere fo u n d  to  d if fe r  b y  100 k c a l /d a y .  T he e n e rg y  c o s ts  o f 
n o n -o c c u p a tio n a l p h y s ic a l a c tiv ity  a re  show n in  T able 7 .6  e x p re s s e d  as 
m u ltip les  o f "UNU"-BM R. T h ese  show th a t  th e  b a k e ry  w o rk e rs  in c u r re d  
th e  g r e a te r  co st (2 .1  x  BMR com pared  to  1 .9  x  BM R). T he e n e rg y  
co s t o f n o n -o ccu p a tio n a l p h y s ic a l a c t iv ity  w as g r e a te r  th a n  th a t  o f 
o ccu p a tio n a l p h y s ic a l a c tiv ity  fo r b o th  g ro u p s  due  to  th e  tim e an d  
e n e rg y  s p e n t in  th e  n o n -o ccu p a tio n a l w ork  com ponent. C om parison 
w ith  th e  housew iv es  was p o ssib le  on th e  re la x a tio n  com ponen t, w hich 
in c lu d e d  w alk in g . T he e n e rg y  co st to all g ro u p s  was sim ilar (1 .6  an d  
1 .7  x  BM R). One h a lf  of th e  200 k c a l /d a y  d iffe re n c e  be tw een  th e  TEE 
o f b a k e ry  an d  sew ing  w o rk e rs  was acc o u n ted  fo r b y  o ccu p a tio n a l e n e rg y  
d em an d s. T he rem a in d er was due to  th e  g r e a te r  e n e rg y  co s t of th e  
n o n -o c c u p a tio n a l w ork  of th e  b a k e ry  w o rk e rs . S ince i t  was show n 
th a t  th e r e  w as no s ig n if ican t d iffe re n ce  in  TEE be tw een  th e  g ro u p s  an d  
s in ce  th e r e  is  no ag e-com parab le  s e d e n ta ry  g ro u p  w ith  w hich  to  com pare 
th em , v e r y  l i t t le  d iffe re n c e  in  o ccupa tiona l e n e rg y  e x p e n d itu re  be tw een  
g ro u p s  o f women h a s  b een  fo u n d .
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T he s im ila rity  between, th e  TEE o f th e  housew ives an d  sew ing  
w o rk e rs  r e s u l te d  from  th e  g r e a te r  e n e rg y  cost to  th e  housew ives o f 
th e i r  p h y s ic a l a c t iv ity  d u r in g  o ccupa tiona l p lu s  n o n -o ccu p a tio n a l w ork  
tim e (2 .8  x  BMR com pared  to  2 .3  x  BM R). H ow ever, i t  was show n th a t  
th e re  w as no s ig n if ic a n t d iffe re n ce  in  TEE betw een  th e  g ro u p s . O ccu­
p a tio n a l e n e rg y  e x p e n d itu re  was no t as good a p re d ic to r  o f TEE as i t  
was fo r  th e  m en, a lth o u g h  th e  ra n k  o rd e r  of e n e rg y  sp e n t in  o ccu p a­
tio n a l p lu s  n o n -o ccu p a tio n a l w ork time was th e  same as th a t  o f TEE. 
O ccu p a tio n a l e n e rg y  co st e x p re s s e d  as a m ultip le of "UNU,T-BMR p r e ­
d ic te d  th e  g r e a te r  TEE of th e  b a k e ry  w o rk e rs .
T he a v e ra g e  e n e rg y  cost of p h y s ic a l a c tiv ity  d u r in g  occupa tiona l 
p lu s  n o n -o c c u p a tio n a l w ork  time d is tin g u ish e d  th e  b a k e ry  w o rk e rs  and  
ho u sew iv es  from th e  sew ing w o rk e rs  (2 .8  and  2 .7  x BMR com pared  to
2 .3  x  BM R). I t h a s  a lre a d y  b een  show n th a t  th e  sew ing w o rk e rs  s p e n t 
200 k c a l /d a y  more th a n  th e  housew ives in  th e se  a c tiv it ie s . T h is  r e s u l t ­
ed  from  th e  g r e a te r  num ber o f h o u rs  d ev o ted  to  th e se  com bined a c tiv ­
it ie s  b y  th e  sew ing  w o rk e rs  (9 .2  com pared to  6 .7  h o u r s ) .
T he im p o rtan ce  o f th e  c o n trib u tio n  of n o n -o ccu p a tio n a l w ork to  
th e  TEE o f th e  two g ro u p s  of fa c to ry  w o rk e rs  h as  b een  show n. It was 
on ly  10 p e rc e n t  le ss  th a n  th a t  of o ccupa tiona l a c tiv itie s  o r tw o - th ird s  o f 
th e  e n e rg y  e x p e n d e d  in  them .
In  T ab le  7 .16 th e  co n trib u tio n s  of o ccupa tiona l an d  le isu re  time 
p h y s ic a l a c t iv ity  to  TEE are  show n in two o th e r  w ays fo r each  g ro u p  
s tu d ie d  an d  fo r th re e  o th e r  g ro u p s  fo r w hich d a ta  was availab le  
(S ec tio n s  I an d  II o f th e  ta b le ) .  T hese  a re  com pared to  th e  es tim ates  
o f th e  e n e rg y  re q u ire m e n ts  o f two women w ith d if fe re n t p a t te rn s  of 
a c t iv ity  g iv e n  in  th e  FAO/WHO/UNU, (1985) r e p o r t .
In  S ection  I th e  frac tio n a l p o rtio n s  of th e  "UNU"-TEE fa c to r  con ­
t r ib u te d  b y  o ccu p a tio n a l and  non -o ccu p a tio n a l p h y s ic a l a c t iv ity , w hich 
w ere d e r iv e d  from th e  estim ates of e n e rg y  ex p en d e d  on th e se  a c tiv itie s  
b y  each  in d iv id u a l in  th e  g ro u p s  are  show n. T hey  a re  also show n as 
p e rc e n ta g e s  of th e  frac tio n a l p o rtio n .
In  Section  II th e  re c o rd e d  p e rc e n ta g e  c o n trib u tio n  to  TEE e x ­
p re s s e d  as k iloca lo ries  p e r  day  and  in  Section III th e  p e rc e n ta g e  o f TEE
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c a lc u la te d  from  th e  exam ples g iv en  in  th e  r e p o r t  an d  th e  c o rre sp o n d in g  
d e f in itio n  a n d  TEE fa c to r  a re  show n.
T he p e rc e n ta g e  o f th e  fra c tio n a l p o r tio n  o f th e  TEE fa c to r  d is t in ­
g u ish e d  b e tw ee n  th e  occu p a tio n a l dem and o f th e  b a k e ry  w o rk e rs  (46%) 
an d  th e  sew ing  w o rk e rs  (39%), w hich th e  p e rc e n ta g e  o f k ilocalo ries  
e x p e n d e d  d id  no t (32% and  33%). The p e rc e n ta g e  a lloca ted  to  o ccu p a­
tio n  b y  th e  y o u n g  salesw om en (D u rn in , e t a l . ,  1957) was 57 p e rc e n t .
In  th e  ab se n c e  o f a more u se fu l exam ple th e  f ig u re s  w hich a re  
com pared  to  th e  fa c to ry  w o rk e rs  a re  th o se  o f th e  e n e rg y  req u ire m e n t of 
a r u r a l  woman in  a d ev e lo p in g  c o u n try .
T he  TEE fa c to r  o f th e  exam ple is  1 .76 x  BMR, w hich lies  betw een  
th e  e s tim a te d  a v e ra g e  daily  e n e rg y  re q u ire m e n t g iv en  in  th e  r e p o r t  o f 
1 .64  x  BMR fo r  m odera te  w ork  (sew ing  w o rk e rs )  an d  1.82 x  BMR 
(b a k e ry  w o rk e rs )  fo r h e a v y  w ork . T he c o n tr ib u tio n s  a re  v e ry  d if f e r ­
e n t b e c a u se  G roup A an d  G roup B p a t te r n s  o f  a c tiv ity  a re  b e in g  
co m p ared . T he TEE fa c to r  fo r th e  y o u n g  salesw om en o f 1.70 x  BMR 
also  lies  b e tw een  th e  two f ig u re s .
C om parison  o f th e  p e rc e n ta g e  o f o ccupa tiona l e n e rg y  ex p en d e d  b y  
th e  g ro u p s  (32 an d  33%) w ith  th e  p e rc e n ta g e  o f th e  re q u ire m e n t (52%) 
show ed an  a p p a re n tly  la rg e  d if fe re n c e , b u t w hen th e  e n e rg y  e x p en d e d  
on n o n -o c c u p a tio n a l w ork was ad d ed  to occu p a tio n a l e n e rg y  e x p e n d i­
tu r e ,  th e  p e rc e n ta g e s  becam e more sim ilar (53% fo r th e  sew ing  w o rk e rs  
an d  55% fo r th e  b a k e ry  w o rk e rs ) .
T he h o usew ives  -  6 th  decade d id  n o t hav e  th e  same p a t te r n  of 
a c t iv ity  as th e  "UNU” exam ple o f a 25 y e a r  old housew ife in  an  a ff lu e n t 
s o c ie ty . T h e re  was a d iffe re n ce  in  th e  p ro p o rtio n  o f e n e rg y  s p e n t in  
o ccu p a tio n a l a c t iv it ie s , w hich was 34 p e rc e n t com pared  to  th e  25 p e rc e n t  
o f th e  exam ple an d  in  th e  p e rc e n ta g e  of th e  fra c tio n a l p o rtio n  (54% 
com pared  to  46%). The TEE fa c to r  o f th e  housew ives also ex ce ed ed  th a t  
o f th e  "UNU” exam ple (1 .72  x BMR com pared  to 1.52 x  BM R). The 
ho u sew iv es  w ith  y o u n g  c h ild re n  s tu d ie d  b y  G rieve (1967) show n in  
G roup B also  m ost c losely  resem bled  th e  e s tim ates  g iv en  fo r th e  e n e rg y  
re q u ire m e n t o f r u r a l  women. She d e fin ed  th e ir  on ly  no ticeab le  le isu re  as 
th e i r  r e p o r te d  s i t t in g  tim e. W alking was in c lu d e d  in  "w alk ing  and
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sh o p p in g "  an d  w as, th e re fo re ,  a hom ecare an d  c h ild c a re  a c t iv ity .  For 
th e  o ld e r  women, some w alk ing  was a le isu re  a c t iv i ty .
T he  TEE fa c to r  o f m id d le -ag ed  h o usew ives  (5 th  an d  6 th  d ecad e) 
s tu d ie d  b y  D u rn in , e t a l . ,  (1957) was alm ost id e n tic a l to  th a t  o f th e  
"UNU" exam ple of a housew ife in  an  a ff lu e n t so c ie ty  (1 .50  com pared  to
1 .52 x  BM R). H ow ever, th e  p ro p o rtio n  of th e  f ra c tio n a l p o rtio n  a llo ca t­
ed  to  o ccu p a tio n  was 24 p e rc e n t h ig h e r  th a n  th e  exam ple an d  th e  r e ­
c o rd e d  p e rc e n ta g e  o f TEE c o n tr ib u te d  b y  o ccu p a tio n  was 19 p e rc e n t 
g r e a te r  th a n  in  th e  exam ple.
I t may be  sp e c u la te d  th a t  ac tiv e  re c re a tio n  su ch  as jo g g in g , r u n ­
n in g , an d  aero b ic  d ance  h as  rep la c e d  ac tiv e  home and  c h ild ca re  a c t iv ­
it ie s  in  th e  liv es  of m any housew ives in  some a ff lu e n t so c ie tie s . T hese  
he lp  to  o ffs e t th e  low er e n e rg y  dem ands b ro u g h t ab o u t b y  th e  u se  o f 
m odern  ap p lian ce s  an d  au tom obiles, b u t  as y e t h av e  no t h a lte d  th e  
in c re a s e  in  w eigh t o f a ff lu e n t p o p u la tio n s , su ch  as th a t  o f th e  U nited  
S ta te s  (M ertz an d  K elsay , 1984). MacNair (1986) com m ented on th e  
s t r ik in g  fa c t th a t  in  se v e n te e n  c o u n trie s  th e  m o rta lity  r a te s  fo r men 
from ischaem ic h e a r t  d isease  h ad  r is e n  be tw een  1950 and  1978, while 
th o se  fo r women h ad  fa llen . He o b se rv e d  th a t  "wom en’s w ork h as  
ch a n g e d  l i t t le  in  th e  p a s t  q u a r te r  c e n tu ry ,  since  it  is s till most co n ­
c e rn e d  w ith  th e  p h y s ic a lly  e x h a u s tin g  b u s in e s s  o f ru n n in g  a hom e, 
w hile men h av e  v ir tu a lly  cea sed  to  in d u lg e  in  p h y s ic a l w ork an d  a re  
t r a n s p o r te d  to  and  from w hat w ork th e y  do".
In  re p o r t in g  a s tu d y  of m id d le -ag ed  housew ives in  1957 (D u rn in , 
e t a l . ,  1957) we n o te d  th a t  th e  time s p e n t in  a c tiv itie s  w hich w ere o f 
h ig h  e n e rg y  cost was small a n d , th e re fo re ,  th e  e n e rg y  ex p en d e d  on 
th e se  ta s k s  d id  no t have  a g re a t  in flu en ce  on TEE b u t th a t  h o useho ld  
a c tiv it ie s  a re  "m entally  fa tig u in g " .
An in te rv iew  s tu d y  b y  O akley (1974) of 40 housew ives ag ed  20-30 
y e a r s  in  London found  th a t  job sa tis fac tio n  w ith th e  housew ork  p o rtio n  
o f hom em aking was low. She found  th a t  th e  a v e ra g e  w eekly h o u rs  of 
h o u sew o rk  r e p o r te d  w ere 77. T h is ex ceed ed  th e  65 h o u rs  found  b y  
G rieve (1967) fo r housew ives in  th e  same age r a n g e . The 6 th  decade
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(m id d le -a g e d ) ho u sew iv es  sp e n t 47 h o u r s ,  b u t  s i t t in g  h o u seh o ld  ta s k s  
w ere  n o t in c lu d e d  in  th e  to ta l .
I t  may well b e  t r u e , a s  s u g g e s te d  b y  M acN air, th a t  th e  to ta l  e n e rg y  
e x p e n d i tu re  o f women h a s  a l te re d  li t t le  in  th e  p a s t  25 y e a r s .  T h is  may 
b e  d u e  to  c h a n g e s  in  p a t te r n s  of a c t iv i ty ,  no t to  lack  o f c h an g e  in  
h o u seh o ld  t a s k s .  Women of all ag es  h av e  ch o sen  o r b een  fo rc e d , fo r 
f in an c ia l r e a s o n s , to  w ork  o u ts id e  of th e  home in  ad d itio n  to  th e ir  
dom estic  an d  c h ild c a re  a c tiv it ie s . T h is  is  lik e ly  to  h av e  in c re a s e d  th e ir  
TEE o r  sim ply  m ain ta ined  i t  in  sp ite  of m ore g a d g e ts  fo r e a s in g  h o u s e ­
ho ld  ta s k s  a n d  g r e a te r  u se  o f p e rso n a l t r a n s p o r ta t io n .  T h is  may h av e  
also  p r e v e n te d  a d e c re a se  in  to ta l e n e rg y  e x p e n d itu re  o f women w ith in ­
c re a s in g  a g e .
T he to ta l  e n e rg y  e x p e n d itu re  o f th e  fa c to ry  w o rk e rs  d id  no t d if fe r  
from  th a t  o f th e  y o u n g  housew ives w ith  c h i ld re n . T he a c tiv itie s  on 
w hich  e n e rg y  was e x p e n d e d  w ere v e ry  d if f e re n t .  C a rin g  fo r y o u n g  
c h ild re n  a p p e a rs  to  be a v e ry  ac tiv e  o cc u p a tio n , b u t  as w ith  
h o u se w o rk , p e r io d s  o f s tre n u o u s  a c tiv ity  a re  u su a lly  o f s h o r t  d u ra tio n  
an d  th e  p ace  o f m any a c tiv it ie s  is  re d u c e d  to  accom m odate c h ild re n .
H ow ever, th e  w o rk in g  d ay  is  v e ry  lo n g . The e n e rg y  e x p e n d itu re  in
th is  e a r ly  p h a se  o f a d u lt life is  like ly  to  b e  v e ry  sim ilar to  th a t  o f a 
women o f 40, 50 o r 60 y e a rs  of age  w hose o ccu p a tio n  is  in  an  o ffice ,
f a c to ry ,  shop  o r  schoo l, an d  who a d d s  to  th e  le n g th  o f h e r  w ork ing
d ay  b y  w o rk in g  in  th e  hom e. The ra n g e  of th e  fra c tio n a l p o rtio n  of 
TEE o f th e  th r e e  g ro u p s  of women com p ris in g  G roup A was 0 .6 4 -0 .8 1  x 
BMR. T he ra n g e  fo r occu p a tio n a l e n e rg y  e x p e n d itu re  was 0.25 -  0.40 
x  BMR an d  fo r  n o n -o ccu p a tio n a l e n e rg y  e x p e n d itu re  0 .30 -  0 .44 x  BMR.
T he lack  o f in fo rm ation  on a c tiv ity  p a t te r n s  is  more a cu te  fo r 
women th a n  fo r men ( FAO/W HO/UNU, 1985), in  sp ite  o f th e  p a s sa g e  of 
t h i r ty  y e a r s  s in ce  D u rn in , e t a l . ,  (1957) p u b lish e d  a s tu d y  o f m id­
d le -a g e d  housew iv es  an d  th e ir  a d u lt d a u g h te r s .  L aP o rte , e t a l . , (1982) 
also  n o te d  th a t  " little  is  know n abo u t p h y s ic a l a c tiv ity  in  o ld e r w om en.”
Some s tu d ie s  u s in g  th e  q u e s tio n n a ire  m ethod w ere d is c u s se d  in  th e  
p re v io u s  sec tio n  an d  some of th e se  also in c lu d e d  f in d in g s  on women.
177
H a g lu n d , (1984) u s in g  a s in g le  m ultip le choice q u e s tio n n a ire , found  
th a t  fo r  wom en, u n lik e  m en, g r e a te r  p h y s ic a l a c t iv ity  a t w ork  
c o r re s p o n d e d  to  a h ig h e r  d e g re e  o f le isu re  time a c t iv ity .  He also found  
th a t  77 p e rc e n t  o f women en g a g e d  in  m odera te  p h y s ic a l a c tiv ity  in  
le is u re  h o u r s .
U sing  some o f th e  d a ta  from th is  s e r ie s  o f s tu d ie s  to g e th e r  w ith  
some from  g ro u p s  o f y o u n g e r  women, to ta l n u m b er 95, W heatcroft 
(u n p u b lish e d  d a t a ) , fo u n d  th a t  th e  c o rre la tio n  b e tw een  p h y s ic a l a c tiv ity  
a t w ork  an d  TEE was r  0 .4 3 , w h e re a s , fo r p h y s ic a l a c tiv ity  a t le isu re  
an d  TEE, th e  re la tio n sh ip  was r -0 .4 7 .  She co n c lu d ed  th a t ,  a lth o u g h  
th e  re la tio n s h ip s  w ere no t o f su ch  a h ig h  o rd e r  as th o se  fo r m en, th e  
r e s u l t s  w ere  sim ilar an d  th a t  p h y s ic a l a c tiv ity  a t w ork  w as th e  more 
im p o rta n t d e te rm in a n t o f TEE. She also  n o te d  th a t  th e re  was le ss  
co n c lu siv e  ev id en ce  th a n  fo r men th a t  time sp e n t in  m odera te  a c tiv ity  
was th e  m ost im p o rtan t in d e x  o f TEE.
A r e p o r t  b y  S allis , e t a l . , (1985) o f th e  u se  o f th e  S ta n fo rd  p h y s ­
ica l a c t iv ity  a sse ssm en t m ethod on a p o p u la tio n  o f 1,120 women found  
th a t  o ccu p a tio n  was re la te d  to  th e  a p p ea ran ce  in  th e  a c tiv ity  p a t te rn  o f 
m o dera te  an d  v ig o ro u s  a c tiv ity  (d e fin e d  as 3 .0 -5 .0  and  7 .0  o r  g r e a te r  
METs re s p e c tiv e ly )  b u t no t to TEE. L evels o f th e se  a c tiv it ie s  w ere 
h ig h e s t w here  ed u ca tio n a l level was also h ig h  an d  th e  a c tiv itie s  took  
p lace  in  le isu re  tim e.
T h e re  h av e  n o t, as y e t ,  been  s tu d ie s  on women w hich th e  col­
lec tio n  o f p h y s ic a l a c tiv ity  d a ta  on a v e ry  la rg e  g ro u p  was as d e ta iled  
as  th a t  o f P a f fe n b a rg e r , e t a l . ,  (1986), who found  th a t  e n e rg y  
e x p e n d e d  in  w alk ing , s ta i r  clim bing an d  s p o r ts  p la y  was in v e rs e ly  
re la te d  to  m o rta lity  in  m en. The leve ls  o f e n e rg y  e x p e n d itu re  on th e se  
a c tiv it ie s  be tw een  w hich a s te a d y  decline in  d ea th  ra te s  was seen  w ere 
ap p ro x im a te ly  2 p e rc e n t (500 k ca l/w eek ) to  17 p e rc e n t (3500 k ca l/w eek ) 
o f TEE, assum ing  an  a v e ra g e  TEE of 21,000 k ca l/w eek  (3000 k c a l /d a y ) .  
I f  a s im ilar e ffec t w ere to  be found  in  women, h y p o th e tic a lly  eq u iv a le n t 
f ig u re s  w ould be ap p rox im ate ly  300 k ca l/w eek  to  2300 k c a l/w e e k , assu m ­
in g  an  a v e ra g e  TEE of 14,000 k ca l/w eek  (2000 k c a l /d a y ) .
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F or co m parison  w ith  th e se  h y p o th e tic a l f ig u re s  th e  ac tu a l nu m b er 
o f k ilo ca lo rie s  e x p e n d e d  in  w alk ing  p e r  w eek b y  each  g ro u p  is  show n in  
T ab le  7 .1 7 . T he m ean e n e rg y  e x p e n d e d  in  w alk ing  in  le isu re  tim e alone 
w as in  e x c e ss  o f 1100 k ca l/w eek  fo r all g ro u p s . T he h o u se w iv e s-4 th  
decad e  r e p o r te d  w alk ing  as an  o ccu p a tio n a l a c t iv i ty .  When o ccupa tiona l 
w alk ing  w as ad d e d  to  le isu re  w alk ing  fo r th e  two g ro u p s  of fa c to ry  
w o rk e rs ,  th e y  e x p e n d e d  1800 an d  2000 k ca l/w e e k  in  th e  a c tiv ity . 
T h e re  w e re , h o w ev e r, la rg e  v a r ia tio n s  in  th e  e n e rg y  e x p e n d e d  b y  
in d iv id u a ls  in  each  g ro u p . I t is  a t th e  in d iv id u a l lev e l th a t  th e  re la ­
tio n sh ip  o f e n e rg y  ex p e n d e d  an d  d ea th  r a te  o c c u rs .  O f th e  75 women 
fo r  whom d a ta  on w alk ing  was av a ilab le , one s p e n t le ss  th a n  300
k c a l/w e e k , 13 p e rc e n t (10) e x p e n d e d  b e tw een  300 an d  900 k c a l/w e e k , 52 
p e r c e n t  (39) e x p e n d e d  be tw een  900 and  2100 k c a l/w e e k , 31 p e rc e n t (23) 
e x p e n d e d  b e tw een  2100 an d  3100 k ca l/w eek  an d  2 s p e n t be tw een  3100 
a n d  3700 k c a l/w e e k . In  ad d itio n  to  w alk in g , 13 b a k e ry  w o rk e rs  8 
sew ing  m achine w o rk e rs  an d  9 housew ives ex p e n d e d  e n e rg y  in  th e  
m o d era te  r a n g e .  Sim ilarly  to  th e  men th e  p h y s ic a l a c t iv ity  o f m ost of 
th e  women met o r  ex ce ed ed  th e  h y p o th e tic a l c r i te r ia  b a se d  on th e
f in d in g s  o f P a f f e n b a rg e r , e t a l . , (1986). In T able 7 .6  th e  g ro u p
e n e rg y  co s t o f w alk ing  is  e x p re s s e d  as a ra tio  to th e  BMR an d  also as 
e n e rg y  c o s t p e r  m inute u n c o rre c te d  fo r  w e ig h t. T he m ean e n e rg y  
e x p e n d itu re  p e r  m inu te in  w alk ing  fell in to  th e  m odera te  w ork ra n g e  
(3 .5  -  5 .4  k c a l /m in .) fo r th e  b a k e ry  w o rk e rs . The nUNU”-BMR fa c to r  
a s so c ia te d  w ith  th is  lev e l was 4 .5  x BMR.
C om parison o f G roup A an d  G roup B women s u g g e s te d  th a t  h av in g  
a job o u ts id e  o f th e  hom e, r a th e r  th a n  age d e te rm in ed  th e  e n e rg y  
e x p e n d i tu re  in  w alk ing , p ro b a b ly  b eca u se  a walk to  an d  from t r a n s p o r t  
w as n e c e s s a ry  e v e ry  w ork ing  d a y . The e n e rg y  e x p e n d e d  in  w alk ing  b y  
th e  6 th  an d  7 th  decade  housew ives was 400 k ca l/w eek  g re a te r  th a n  th a t  
o f th e  4 th  decad e  housew ives w ith  y o u n g  c h ild re n  an d  of th e  5 th  an d  
6 th  d ecad e  housew ives w hose c h ild re n  w ere o ld e r b u t  s til l liv in g  a t
hom e.
In  T ab le 7 .18 th e  com ponents of n o n -o ccu p a tio n a l p h y s ic a l a c tiv ity  
a re  show n fo r com parison  w ith  s tu d ie s  w hich focus on le is u re —time
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p h y s ic a l a c t iv i ty .  In  c o n tra s t  to  th e  male g ro u p s ,  th e re  w as li ttle  
d if fe re n c e  b e tw ee n  th e  two g ro u p s  of women.
7 .2 .3  Sum m ary -  re la tio n sh ip s  b e tw een  o c c u p a tio n , to ta l  e n e rg y  
e x p e n d i tu re  an d  p a t te r n s  o f a c tiv ity  o f men an d  women in  th e  50-65 age 
g ro u p .
7 .2 .3 .1  M en. T he occu p a tio n a l d iffe re n c e  in  to ta l e n e rg y  e x p e n d itu re  
fo u n d  b e tw ee n  g ro u p s  o f men of u n d e r  50 y e a rs  was m ain ta ined  w hen 
g ro u p s  o f men o f b e tw een  50 an d  65 y e a rs  w ere s tu d ie d . T h e re  was a 
d if fe re n c e  o f ap p ro x im ate ly  30 p e rc e n t  b e tw een  th o se  o ccu p a tio n s  
in v o lv in g  h a rd  la b o u r an d  th o se  w hich w ere la rg e ly  s e d e n ta ry .  T he 
d if fe re n c e  in  th e  50-65 age g ro u p  b e tw een  th e  m ost s e d e n ta ry  (c le rica l 
w o rk e rs )  an d  th e  m ost ac tiv e  (S w iss fa rm e rs )  was 67 p e rc e n t .
Women. The n a rro w  ra n g e  o f th e  o ccu p a tio n a l d iffe re n c e  in  to ta l 
e n e rg y  e x p e n d itu re  be tw een  g ro u p s  of women ag ed  50-65 y e a rs  was also 
fo u n d  in  g ro u p s  of u n d e r  50 y e a r s .  T he ra n g e  o f 20 p e rc e n t be tw een  
S c o ttish  g ro u p s  was n a rro w e r th a n  th a t  o f men b u t no g ro u p  eq u iv a len t 
to  th e  male c le r ica l w o rk e rs  was found  in  an y  o f th e  age g ro u p s  fo r 
co m p ariso n . T he d iffe re n c e  in  th e  50-65 age g ro u p  be tw een  th e  most 
s e d e n ta ry  (m id d le -ag ed  h ousew ives) an d  th e  most ac tiv e  (Sw iss 
h o u se w iv e s /fa rm e rs )  was 42 p e rc e n t .
7 .2 .3 .2  M en. O ccupation  was a good p re d ic to r  of e n e rg y  e x p e n d itu re  
in  g ro u p s  o f men ag ed  be tw een  50 to  65 y e a rs  and  in  y o u n g e r  g ro u p s .
Women. O ccupation  was no t as good a p re d ic to r  o f to ta l e n e rg y  
e x p e n d i tu re  fo r women aged  50—65 y e a rs  as i t  was fo r m en. T h e re  was 
some in d ic a tio n  from lim ited d a ta  th a t  th is  was also th e  case  fo r women 
o f u n d e r  50 y e a r s .
7 .2 .3 .3  M en. T h e re  was no g re a te r  v a r ia tio n  b e tw een  mean e n e rg y  
e x p e n d i tu re  o f in d iv id u a l men in  age g ro u p s  u n d e r  50 y e a rs  an d  
b e tw een  50 an d  65 y e a rs  who w ere in  sim ilar o ccu p a tio n a l g ro u p s .
Women. T h e re  w ere few er d a ta  fo r women u p o n  w hich to  b ase  a 
ju d g e m e n t, b u t  th e  t r e n d  a p p e a re d  to  be  th e  same as th a t  fo r m en.
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T he follow ing p o in ts  a ro se  from th e  exam ination  o f th e  f in d in g s  in  
re la tio n  to  th e  co n ce p ts  developed  in  FAO/W HO/UNU, (1985) E x p e r t 
C o n su lta tio n  on E n e rg y  an d  P ro te in  R eq u irem en ts :
7 .2 .3 .4  M en. T he u se  o f ca lcu la ted  fa c to rs  fo r to ta l e n e rg y  
e x p e n d i tu re  b a se d  on BMR d e riv e d  from su rfa c e  a re a  o r  from w eigh t d id  
n o t a l te r  th e  conclu sion  th a t  th e re  was th e  same ra n g e  o f d iffe re n c e  in  
th e  50-65 age  g ro u p  an d  th e  u n d e r  50 age g ro u p  be tw een  g ro u p s  o f 
men who p e rfo rm e d  h a rd  p h y s ic a l la b o u r  d u r in g  th e ir  w ork ing  h o u rs  
a n d  th o se  w hose w ork was m ainly s e d e n ta ry .
Women. T he "UNU" TEE fa c to rs  fo r g ro u p s  o f women d id  no t a l te r  
th e  co n c lu sio n  th a t  in  th e  age g ro u p  50-65 y e a rs  th e re  was li ttle  
d if fe re n c e  b e tw een  th e  TEE of g ro u p s  of women, w hich w ere se lec ted  as 
r e p re s e n ta t iv e  of s e d e n ta ry ,  l ig h t ,  and  m odera te  w ork .
7 .2 .3 .5  M en. T he to ta l e n e rg y  e x p e n d itu re  e x p re s s e d  as a fa c to r  o f 
BMR d e r iv e d  from p re d ic tio n  e q u a tio n s  (FAO/W HO/UNU, 1985) 
m ain ta in ed  th e  d iffe re n tia tio n  be tw een  th e  g ro u p  o f fa rm e rs  an d  all 
o th e r  g ro u p s  an d  be tw een  th e  g ro u p  o f c le rica l w o rk e rs  an d  all o th e r  
g ro u p s .
Women. T he "UNU" TEE fa c to r  d if fe re n tia te d  th e  b a k e ry  w o rk e rs  
m ore c le a r ly  from th e  sew ing m achine w o rk e rs  th a n  d id  k ilocalo ries  p e r  
d a y .
7 .2 .3 .6  Men. The r e s u l ts  of u s in g  in d iv id u a l f ig u re s  fo r BMR b a se d  on 
th e  p re d ic tio n  e q u a tio n s  g iven  in  th e  FAO/W HO/UNU, (1985) r e p o r t  to  
c a lcu la te  b o th  a BMR b a se d  fa c to r  fo r TEE o f each  in d iv id u a l an d  u s in g  
th e se  to  o b ta in  th e  m eans g iven  above fo r th e  g ro u p s  se rv e d  to  em pha­
s ize  th e  im p o rtan ce  g iv en  in  th e  re p o r t  to  a c r it ic a l ap p ro ac h  in  th e  u se  
o f th e  v a lu e s .  T he mean "UNU" TEE fa c to r  o f g ro u p s , w hich in c lu d e  
s u b je c ts  w h ere  BMR h as b een  ca lcu la ted  acc o rd in g  to  th e  o v e r  60 
p re d ic tio n  e q u a tio n , was g re a te r  th a n  th a t  o f g ro u p s  fo r w hich th e  
p re d ic tio n  eq u a tio n  o f all m em bers was th a t  fo r th e  30-60 age g ro u p .
T he  u s e  of th e se  f ig u re s  to  p ro d u ce  a TEE fa c to r  m akes i t  d ifficu lt 
to  com pare th e  mean TEE fa c to rs  of g ro u p s , w hich c o n s is t o f su b je c ts  
above a n d  below th e  d iv id in g  lin e . Such  g ro u p s  a re  o th e rw ise  fa ir ly  
hom ogeneous in  occu p a tio n  and  a re  norm ally co n s id e re d  to  be  in  one age
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g ro u p  w ith  an  u p p e r  limit o f 65 y e a r s .  For th e se  male g ro u p s , th e  
re tire m e n t age  o f  65 y e a r s ,  no t 60 y e a r s ,  becom es th e  p o in t a t w hich 
m ajor c h a n g e s  in  a c tiv ity  a re  like ly  to  o c c u r . In  g e n e ra l,  in  b o th  
a c tiv e  a n d  s e d e n ta ry  o c c u p a tio n s , e n e rg y  dem ands will d if fe r  l i t t le  
b e tw ee n  men who a re  n e a r ly  60 an d  men who a re  be tw een  60 an d  65. 
B ecau se  o f th e  u n c e r ta in ty  abou t r a te  o f decline  of BMR an d  th e  
p ro b a b il i ty  th a t  th e  decline  is  no t more th a n  ab o u t 100 k c a l /d a y  from 
y o u n g  ad u lth o o d  to  65 y e a r s ,  u se  o f th e  same p re d ic tio n  e q u a tio n  is  
in d ic a te d  fo r  in d iv id u a ls  who make up  o ccu p a tio n a lly  com parab le  g ro u p s  
o f m en u p  to  65 y e a r s .
Women. T he same e ffec t was seen  fo r women w hen th e  o v e r  60 
p re d ic tio n  e q u a tio n  was u se d  fo r sev en  h o u sew iv es , th e re b y  in c re a s in g  
th e  m ean "UNU” TEE fa c to r  com pared  to  th e  g ro u p s  w hich  d id  no t 
in c lu d e  an y  su b je c ts  o v e r 60 y e a r s .  I f  women r e t i r e  a t a y o u n g e r  age 
th a n  men th e  a rg u m e n t fo r d e lay in g  th e  u se  of a d if fe re n t  e q u a tio n  may 
n o t b e  as  s t r o n g .  C o n s is ten c y  be tw een  th e  sex es  is  lik e ly  to  be  o f 
m ore v a lu e  fo r  com parison  of f in d in g s .
7 .2 .3 .7  M en. T he m ean o f th e  " UNU "BMR fo r in d iv id u a ls  in  each  g ro u p  
ex c e e d e d  th a t  of th e  mean o f th e  F leisch-BM R b y  5 p e rc e n t  fo r th e  
e x e c u tiv e s  to  12 p e rc e n t  fo r th e  b u ild in g  w o rk e rs .
T he e ffe c t o f u s in g  th e  h ig h e r  estim ate  o f BMR o b ta in ed  from th e  
"UNU" p re d ic tio n  e q u a tio n s  to  o b ta in  a TEE fa c to r  fo r each  in d iv id u a l 
was th a t  th e  "UNU" TEE fa c to r s ,  ex ce p t fo r men o v e r  60 y e a r s ,  w ere 
low er th a n  th e  F le isch  TEE fa c to rs .
T h is  r e s u l te d  in  a mean "UNU" fa c to r  fo r TEE fo r all g ro u p s  o f 
men a g e d  b e tw een  50 and  65 y e a rs  w hich was low er th a n  th e  mean
F le isch  fa c to rs  fo r TEE.
Women. T he mean "UNU" -  BMR fa c to r  fo r TEE was low er fo r 
e ach  g ro u p  th a n  th e  F le isch  BMR fa c to r .  T he u se  o f th e  h ig h e r  
e s tim a te  o f BMR o b ta in ed  from th e  "UNU" p re d ic tio n  e q u a tio n s  to  o b ta in  
a TEE fa c to r  fo r each  in d iv id u a l r e s u lte d  in  low er fa c to r s ,  ex ce p t fo r 
women o v e r  60 y e a r s ,  com pared  to  th e  F le isc h -fa c to rs .
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T h is  r e s u l te d  in  th e  mean o f th e  "UNU" fa c to r  fo r TEE fo r  all 
g ro u p s  o f women a g ed  be tw een  50 an d  65 y e a rs  b e in g  low er th a n  th e  
m ean F le isch  fa c to rs  fo r  TEE.
7 .2 .3 .8  Men an d  Women. The u se  o f mean age an d  m ean w eigh t to  
o b ta in  g ro u p  mean BMR of g ro u p s  in  w hich some in d iv id u a ls  a re  above 
an d  below 60 y e a rs  is  an  e rro n e o u s  u se  o f th e  p re d ic tio n  e q u a tio n s  an d  
ta b le s .
7 .2 .3  9 M en. O ccupational e n e rg y  e x p e n d itu re  o f men was no t re d u c e d  
in  th e  50-65 age g ro u p  com pared  to  th o se  u n d e r  50 in  th e  g ro u p s  w here  
w ork  w as d e fin e d  as s e d e n ta ry  o r as h e a v y .
Women. S ince it  was show n th a t  th e re  was no s ig n if ic a n t 
d if fe re n c e  in  TEE betw een  th e  g ro u p s  an d  since  th e re  was no s e d e n ta ry  
g ro u p  w ith  w hich to  com pare them , v e ry  little  d iffe re n c e  in  occu p a tio n a l 
e x p e n d itu re  b e tw een  g ro u p s  of women aged  50-65 y e a rs  h as  b een  fo u n d . 
T he d a ta  w ere  too lim ited to make th is  com parison  w ith  y o u n g e r  g ro u p s  
o f women.
7 .2 .3 .1 0  M en. The e n e rg y  co st of occu p a tio n a l p h y s ic a l a c t iv ity ,  
e x p re s s e d  as "UNU" B M R -based fa c to rs ,  o f th e  50-65 age g ro u p  o f men 
d id  n o t d if fe r  from th e  u n d e r  50 age g ro u p s , a lth o u g h  no u n d e r  50 
g ro u p s  sim ilar to  th e  m oderate  w ork c a te g o ry  g ro u p s  w ere availab le  fo r 
co m p ariso n .
Women. C om parisons of th e se  fa c to rs  is  a u s e fu l way com paring  
g ro u p s  o f women, some o f whom a re  fu ll time housew ives an d  o th e rs  
who also  w ork  o u ts id e  o f th e  home.
T he e n e rg y  co st of o ccupa tiona l p h y s ic a l a c tiv ity  in  th e  50-65 age 
g ro u p  com pared  to u n d e r  50 g ro u p s , d id  no t d if fe r  w h e th e r th e  cost 
w as in c u r r e d  b y  h o u seh o ld  and  ch ild ca re  a c tiv itie s  o r in  a com bination 
o f o u ts id e  w ork  an d  househo ld  re sp o n s ib ilitie s .
U n d e re s tim a te s  of th e  e n e rg y  re q u ire m e n ts  o f women (an d  men) be tw een  
50—65 y e a r s  may r e s u l t  i f  i t  is  assum ed th a t  th e re  is  a decline  in  
p h y s ic a l a c tiv ity  d u r in g  th o se  y e a r s .
7 .2 .3 .1 1  M en. O ccupational e n e rg y  cost e x p re s s e d  as a "UNU" BMR 
fa c to r  w as a good p re d ic to r  of to ta l e n e rg y  e x p e n d itu re .
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Women. O ccu p a tio n a l e n e rg y  co st e x p re s s e d  as a m ultip le  o f 
"UNU"-BM R p re d ic te d  th e  g re a te r  TEE o f th e  b a k e ry  w o rk e rs .
7 .2 .3 .1 2  M en. O ccupational e n e rg y  dem and was th e  p r in c ip a l re a so n  fo r 
d if fe re n c e s  in  TEE be tw een  th e  m odera te  w ork  g ro u p s  an d  th e  
s e d e n ta ry  g ro u p  o f men aged  50-65 y e a rs  as i t  was in  u n d e r  50 age 
g r o u p s .
Women. T he  v e ry  small d iffe re n ce  in  o ccu p a tio n a l e n e rg y  dem and 
b e tw ee n  tw o g ro u p s  o f female fa c to ry  w o rk e rs  ag ed  b e tw een  50 an d  65 
y e a r s  w as in c re a s e d  b y  th e  c o n tr ib u tio n  of n o n -o ccu p a tio n a l w ork  . 
No com parab le  y o u n g e r  g ro u p s  w ere fo u n d .
7 .2 .3 .1 3  M en. F or fiv e  ou t o f s ix  g ro u p s  of m en, e x c lu d in g  th e  
e x e c u tiv e s ,  o ccu p a tio n a l e n e rg y  e x p e n d itu re  was a good p re d ic to r  o f 
TEE.
Women. O ccupational e n e rg y  e x p e n d itu re  alone was no t as good a 
p r e d ic to r  o f TEE fo r women as i t  was fo r th e  m en, b u t  th e  ra n k  o rd e r  
o f e n e rg y  s p e n t in  occupa tiona l p lu s  n o n -o ccu p a tio n a l w ork tim e was
th e  sam e as th a t  o f TEE.
7 .2 .3 .1 4  M en. O ccupational e n e rg y  e x p e n d itu re  was n o t a good 
p re d ic to r  o f TEE fo r th e  ex ec u tiv e  g ro u p  o f s e d e n ta ry  w o rk e rs . T his 
r e s u l te d  from  an  a v e ra g e  e n e rg y  co st o f p h y s ic a l a c tiv ity  d u r in g  
n o n -o c c u p a tio n a l tim e, w hich was g re a te r  th a n  all g ro u p s  e x c e p t th e  
s te e l w o rk e rs .
Women. S im ilarly , n o n -o ccu p a tio n a l w ork made an  im p o rtan t 
c o n tr ib u tio n  to  th e  TEE of th e  two g ro u p s  o f female fa c to ry  w o rk e rs . 
One h a lf  o f th e  d iffe re n c e  betw een  them  was acco u n ted  fo r  b y  th e  
n o n -o c c u p a tio n a l w ork  o f th e  b a k e ry  w o rk e rs .
7 .2 .3 .1 5  M en. C om parisons u s in g  a "UNU" B M R -based fa c to r  fo r
e n e rg y  c o s ts  h ig h lig h te d  d iffe re n c e s  an d  sim ilarities  be tw een  g ro u p s : 
a ) T he e n e rg y  co s t o f n o n -o ccu p a tio n a l w ork and  o ccupa tiona l w ork was 
th e  same fo r  th e  s te e l w o rk e rs ; b ) B oth  th e  b u ild in g  w o rk e rs  and  lig h t 
in d u s t r y  w o rk e rs  sp e n t n o n -o ccu p a tio n a l time a t low er leve ls  o f p h y s ic a l 
a c tiv ity  th a n  o ccu p a tio n a l tim e, w hereas th e  p h y s ica l a c tiv ity  o f b o th  
th e  e x e c u tiv e s  an d  c le rica l w o rk ers  was g re a te r  th a n  th a t  in  o ccu p a­
tio n a l tim e; c) F or th e  ex e c u tiv e s  th e  occupa tiona l e n e rg y  cost was 2 .0
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x BMR, w h e re a s , n o n -o c c u p a tio n a l e n e rg y  co s t w as 3 .0  x  BMR; d ) T h is  
m ethod o f p r e s e n t in g  th e  d a ta  m akes i t  p o ss ib le  to  make a b e t te r  
com parison  o f th e  fa rm e rs  w ith  th e  o th e r  g ro u p s  b a se d  on th e  
com bination  o f e n e rg y  co s t d u r in g  o ccu p a tio n a l an d  n o n -o ccu p a tio n a l 
tim e. At 4 .0  x  BMR i t  ex ce ed ed  all o th e r  g ro u p s , th e  c lo se s t b e in g  th e
2 .8  x BMR of th e  lig h t in d u s t r y  w o rk e rs . T he la t te r  met th e  su g g e s te d  
f ig u re  fo r m odera te  w ork  o f 2 .8  x  BMR an d  th e  fa rm e rs  ex ce ed ed  th e  
s u g g e s te d  f ig u re  o f 3 .8  x  BMR fo r h e a v y  w ork  (FAO/W HO/UNU, 1985). 
T he e n e rg y  co s t o f re la x a tio n  a c tiv it ie s  was also  show n to  b e  low er th a n  
a n y  o th e r  g ro u p ,  1 .3  x  BMR.
Women. a) F or th e  female fa c to ry  w o rk e rs , like  th e  e x e c u tiv e s , 
th e  e n e rg y  co s t of n o n -o ccu p a tio n a l w ork  ex ce ed ed  th a t  o f o ccupa tiona l 
w o rk ; b )  C om parison o f th e  female fa c to ry  w o rk e rs  an d  h o usew ives was 
also fa c il i ta te d . T he a v e ra g e  e n e rg y  c o s t o f  occu p a tio n a l p lu s  
n o n -o c c u p a tio n a l w ork o f th e  b a k e ry  w o rk e rs  an d  housew iv es  was alm ost 
id e n tic a l,  2 .7  an d  2 .8  x BMR. T h is  w as g r e a te r  th a n  th a t  o f 
ho u sew iv es  u n d e r  50 y e a r s ,  2 .5  x  BMR an d  was e q u iv a le n t to  th e  
su g g e s te d  f ig u re  o f 2 .8  x  BMR fo r h e a v y  w ork  (FAO/W HO/UNU, 1985);
Men an d  V/omen. T he e n e rg y  co st o f men an d  women can  also be 
co m pared . B a k e ry  w o rk e rs , s te e l an d  b u ild in g  w o rk e rs  in c u r re d  th e  
same c o s ts  (2 .6  and  2 .7  x BMR) in  o ccu p a tio n a l a c tiv it ie s  as d id  sew ing  
w o rk e rs  an d  e x e c u tiv e s  (2 .0  x  BM R). When e n e rg y  co s t o f o ccupa tiona l 
p lu s  n o n -o ccu p a tio n a l w ork  is  com pared  th e  male an d  female g ro u p s  form 
two c lu s te r s .  One c o n s is ts  o f s te e l w o rk e rs , b u ild in g  w o rk e rs , lig h t 
in d u s t r y  w o rk e rs , b a k e ry  w o rk e rs  an d  h o u sew iv es , 6 th  decad e  w ith  
e n e rg y  c o s ts  in  th e  2 .6 -2 .8  x BMR ra n g e .  T he o th e r  c o n s is ts  o f 
e x e c u tiv e s  an d  sew ing  w o rk e rs  (2 .3  x  BM R). At th e  ex trem e en d s  of 
th e  ra n g e  a re  found  th e  fa rm e rs  (4 .0  x  BMR) an d  th e  c le rica l w o rk e rs  
(1 .7  x  BM R). T h is  i l lu s t r a te s ,  a g a in , th e  p o ss ib le  ra n g e  fo r  th e  
e n e rg y  e x p e n d itu re  of women, w hich w as no t c o v e re d  in  th e  g ro u p s  
s tu d ie d , h ) G ro u p in g s w ere d if fe re n t w hen e n e rg y  c o s ts  o f " re lax a tio n "  
w ere com p ared . Most g ro u p s  o f men an d  women h ad  an  e n e rg y  co st o f 
be tw een  1 .6  an d  1.8  x BMR. The ex tre m es  o f th e  ra n g e s  w ere fa rm ers  
(1 .4  x  BMR) an d  e x e c u tiv e s  a n d  s te e l w o rk e rs  (2 .1  and  2 .2  x BM R).
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7 .2 .3 .1 6 .  M en. C om parisons o f  th e  c o n tr ib u tio n s  o f o ccu p a tio n a l an d  
le is u re  tim e p h y s ic a l a c t iv ity  to  TEE w ith  th e  f ig u re s  fo r exam ples o f 
l ig h t a c t iv ity  w o rk , m o dera te  a c tiv ity  w ork  an d  h e a v y  w ork  g iv en  in  th e  
FAO/W HO/UNU, (1985) r e p o r t  fo r  in d iv id u a ls  ag ed  25 o r  35 y e a rs  led  to  
th e  follow ing f in d in g s  an d  co n c lu sio n s : a) th e  TEE fa c to rs  o f all
g ro u p s ,  e x c e p t th e  c le r ica l w o rk e rs  a n d  fa rm e rs , ex ce ed ed  th o se  o f th e  
"UNU" exam ples o f sim ilar w ork  c a te g o r ie s ;  b ) th e  "UNU” exam ple o f 
" lig h t a c tiv ity "  w ork  was sim ilar in  b o th  com parisons to th e  c le rica l 
w o rk e rs ,  a lth o u g h  th e i r  TEE was low er (1 .41  x BMR com pared  to  1 .54 x 
BM R); c )  th e  "UNU" exam ple o f " lig h t a c tiv ity "  w ork  was no t in  acco rd  
w ith  th e  p e rc e n ta g e s  o f f ra c tio n a l p o r tio n  a llo ca ted  b y  th e  e x e c u tiv e s  to  
o c cu p a tio n a l p h y s ic a l a c tiv ity  (25% com pared  to  32%) o r to  TEE (1 .81  x 
BMR com pared  to  1 .56 x BMR); d ) th e  e n e rg y  e x p e n d e d  in  le isu re  time 
b y  th e  s te e l w o rk e rs  a n d  e x e c u tiv e s  ex c e e d e d  o ccu p a tio n a l e n e rg y  
e x p e n d itu re  b o th  as a f ra c tio n a l p o rtio n  o f TEE an d  a p e rc e n ta g e  o f  
o b s e rv e d  TEE. T he "UNU" TEE fa c to r  fo r b o th  g ro u p s  was n o n e th e le ss  
m ore s im ilar to th e  "UNU" re q u ire m e n t fa c to r  fo r  "m oderate  a c tiv ity  
w ork" th a n  to  th e  fa c to r  fo r  " lig h t a c tiv ity  w o rk " ; e ) th e  p e rc e n ta g e  o f 
th e  f ra c tio n a l p o rtio n  a lloca ted  to  o ccu p a tio n a l a c tiv it ie s  b y  th e  b u ild in g  
a n d  lig h t in d u s t r y  w o rk e rs  was 58 p e rc e n t  com pared  to  63 p e rc e n t of 
th e  "UNU" exam ple o f "m oderate  a c tiv ity "  w ork ; f) The p e rc e n ta g e  o f 
th e  f ra c tio n a l p o rtio n  a lloca ted  to o ccu p a tio n  p lu s  d is c re tio n a ry  a c t iv ­
it ie s  b y  th e  fa rm e rs , was v e ry  sim ilar to  th e  "UNU" exam ple o f "h eav y  
a c tiv ity "  w ork  (91% com pared  to  89%). F or a n o th e r  g ro u p  o f h e a v y  
w o rk e rs ,  u s e d  fo r com p ariso n , a g ro u p  o f m in e rs , th e  p e rc e n ta g e s  w ere 
q u ite  d if fe re n t  from th e  "UNU" exam ple (65% com pared  to  82%) and  w ere 
m ore sim ilar to  th e  d iv is io n s  o f "m oderate  a c tiv ity "  w ork ; g) The ra n g e  
o f th e  fra c tio n a l p o rtio n  o f TEE fo r th e  s ix ty - tw o  men ag ed  50-65 
co m p ris in g  G roup A was 0.41 -  0 .92 x  BMR. T he ra n g e  fo r
o ccu p a tio n a l e n e rg y  e x p e n d itu re  was 0 .14  -  0 .48 x BMR an d  fo r 
n o n -o c c u p a tio n a l e n e rg y  e x p e n d itu re  0 .27 -  0 .61 x BMR. T he
c o rre s p o n d in g  f ig u re s  fo r 30 men from two g ro u p s  u n d e r  50 y e a rs  w ere 
a ra n g e  o f  th e  fra c tio n a l p o r tio n  o f 0 .6 6 -1 .2 2  x BMR, o f o ccu p a tio n a l 
e n e rg y  e x p e n d itu re  o f 0 .2 5 -0 .7 6  x BMR and  o f n o n -o ccu p a tio n a l e n e rg y
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e x p e n d itu re  o f 0 .4 1 -0 .4 3  x  BMR. T he a c tiv ity  p a t te r n  o f th e  fa rm e rs  
w as so d if fe re n t  th a t  th e y  sh o u ld  b e  c o n s id e re d  s e p a ra te ly  in  an y  
es tim a te  o f v a r ia b ili ty  o f a g g re g a te d  g ro u p s .
Women. F or wom en, th e  com parisons w ere  m ade w ith  f ig u re s  fo r 
exam ples o f a r u r a l  woman in  a d ev e lo p in g  c o u n try  (RW DC), s in ce  no 
m ore com parab le  exam ple was g iv e n , a n d  a housew ife  in  an  a ff lu e n t 
so c ie ty  (H A S ): a) T he TEE fa c to rs  o f g ro u p s  com pared  to  HAS
ex c e e d e d  th o se  o f th e  exam ple , while o f th o se  com pared  to  RWDC, one 
m et, one e x c e e d e d , an d  one d id  n o t m eet th e  TEE o f th e  exam ple; b ) 
T he "UNU" exam ple o f  a housew ife  in  an  a ff lu e n t so c ie ty  d id  n o t ex h ib it 
th e  same p a t te r n  in  e i th e r  com parison , i . e . ,  o f p e rc e n ta g e  o f f ra c tio n a l 
p o r tio n  o r  in  p e rc e n ta g e  of re q u ire m e n t, as th e  th r e e  g ro u p s  of 50-65 
age g ro u p  an d  y o u n g e r  h o usew ives to  w hich i t  was co m pared . I t 
u n d e re s tim a te d  th e  p e rc e n ta g e s  of f ra c tio n a l p o rtio n  a lloca ted  to  
o ccu p a tio n a l a c tiv it ie s  an d  also  th e  re c o rd e d  p e rc e n ta g e  o f TEE o f each  
g ro u p . T he TEE was in  a cc o rd  w ith  on ly  one g ro u p ; c) When 
o ccu p a tio n a l an d  n o n -o ccu p a tio n a l w ork  to g e th e r  w ere com pared  to  th e  
p e rc e n ta g e  o f to ta l e n e rg y  re q u ire m e n t a lloca ted  to  o ccu p a tio n a l w ork of 
th e  ’’UNU” exam ple o f a RWDC, th e  p e rc e n ta g e s  s u rp r is in g ly  b o re  some 
resem b lan ce  to  one a n o th e r ;  d ) A g ro u p  o f y o u n g e r  housew ives most 
c losely  re sem b led  th e  "UNU" estim ate  o f a RWDC in  p e rc e n ta g e s  o f th e  
fra c tio n a l p o r t io n , in  p e rc e n ta g e  of TEE an d  in  "UNU" TEE fa c to r ; e) 
E n e rg y  e x p e n d e d  in  le is u re  time ex ce ed ed  th a t  in  occu p a tio n a l time in  
b o th  com parisons fo r b o th  g ro u p s  o f fa c to ry  w o rk e rs , b u t  n o t fo r 
g ro u p s  o f h o usew ives o f v a ry in g  g ro u p s .
T he main focus o f th e  following s ix  p o in ts  is  le isu re  tim e p h y s ic a l 
a c t iv i ty .
7 .2 .3 .1 7  M en. T he f in d in g s  o f a h ig h e r  d e g re e  of p h y s ic a l a c tiv ity  
d u r in g  le is u re  time b y  th e  e x e c u tiv e s  a g re e d  w ith  f in d in g s  b y  o th e r  
g ro u p s  o f a p o s itiv e  re la tio n sh ip  be tw een  lev e l o f e d u c a tio n , h ig h e r  
socio-econom ic g ro u p s  an d  le is u re  time a c t iv ity .
Women. A sim ilar f in d in g  fo r women fa c to ry  w o rk e rs  was no t 
a s so c ia te d  w ith  re c re a tio n a l a c tiv it ie s  b u t  w ith  h o u seh o ld  ta s k s  an d
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th e r e  w as l i t t le  d iffe re n c e  in  le is u re  tim e p h y s ic a l a c tiv ity  b e tw een  th e  
g ro u p s .
7 .2 .3 .1 8  M en. A com parison  w ith  th e  e n e rg y  c o s t o f th e  le is u re  tim e 
p h y s ic a l a c t iv i ty  o f a la rg e  g ro u p  o f men in  th e  U n ited  S ta te s  led  to  th e  
co n c lu sio n  th a t ,  in  c o n t r a s t ,  in  all th e  th e s is  g ro u p s ,  th e  e n e rg y  co s t 
o f n o n -o c c u p a tio n a l w ork  an d  n o n -o c c u p a tio n a l w alk ing  com bined 
e x c e e d e d  th e  240 k c a l /d a y ,  w hich was s p e n t b y  th e  la rg e  g ro u p .
7 .2 .3 .1 9  M en. C om pared to  th e  P a f f e n b a rg e r , e t a l . , (1986) c r i te r ia  o f 
th e  am ount o f e n e rg y  s p e n t in  w alk in g , s ta ir -c lim b in g  an d  s p o r ts  p la y , 
w hich  a p p e a re d  to  h av e  an  in v e rs e  re la tio n sh ip  to  m o rta lity , th e  
p h y s ic a l a c t iv i ty  of th e  m ajo rity  o f men s tu d ie d  w as m ore th a n  a d eq u a te  
to  p ro d u c e  th is  e f fe c t .
Women. When h y p o th e tic a l c r i te r ia  b a se d  on th o se  of men w ere 
com pared  to  th e  f in d in g s  fo r women, th e  p h y s ic a l a c tiv ity  o f m ost o f th e  
women also  met o r ex ce ed ed  th e  c r i t e r ia .
7 .2 .3 .2 0  M en. T he "UNU"-BMR fa c to rs  fo r g ro s s  e n e rg y  e x p e n d itu re  in  
w alk ing  w ere be tw een  4 .2  an d  5 .2  x BMR fo r five  o f th e  g ro u p s . T h e ir  
m ean e n e rg y  e x p e n d itu re  in  w alk ing  fe ll in to  th e  c a te g o ry  o f m odera te  
w ork  (5 -7 .4  k c a l/m in ) .
Women. W alking fell in to  th e  m o dera te  w ork  ra n g e  o f 3 .5 -5 .4  
k ca l/m in  fo r th e  g ro u p  o f b a k e ry  w o rk e rs  on ly  an d  th e  "UNU" BMR 
fa c to r  a s so c ia te d  w ith  th e  leve l was 4.5  x BMR.
7 .2 .3 .2 1  M en. V ery  d if fe re n t p a t te r n s  o f le isu re  tim e p h y s ic a l a c tiv ity  
w ere  fo u n d  b e tw een  two g ro u p s  of male s e d e n ta ry  w o rk e rs  an d  be tw een  
tw o g ro u p s  in  m o dera te  to  h e a v y  o c c u p a tio n s .
Women. T he p a t te r n s  o f le isu re - tim e  p h y s ic a l a c t iv ity  of th e  
women w ere  sim ilar fo r  th e  two g ro u p s  o f fa c to ry  w o rk e rs  an d  fo r th e  
g ro u p s  o f h o u sew iv es .
7 .2 .3 .2 2  M en. T he s im ila rity  of th e  le isu re  tim e p h y s ic a l a c tiv ity  o f th e  
lig h t in d u s t r y  w o rk e rs  to  th a t  o f th e  e x e c u tiv e s  was in  ag reem en t w ith 
th e  f in d in g  o f o th e rs  th a t  sk illed  w o rk e rs  in  common w ith  m ore h ig h ly  
e d u c a te d  men in c lu d e d  more p h y s ic a l a c t iv ity  in  th e i r  le isu re  tim e.
Women. C han g es in  p a t te r n s  o f a c tiv ity  o f women, in  p a r t ic u la r  
th o se  o ccasio n ed  b y  em ploym ent o u ts id e  o f th e  home a re  like ly  to  h av e
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m ain ta in ed  th e  e n e rg y  e x p e n d itu re  o f la rg e  n u m b e rs  o f women in  th e
50-65 ag e  g ro u p  a t th e  same lev e l as th a t  o f women in  th e i r  tw en tie s  
a n d  th i r t i e s .  In c re a s e d  e n e rg y  e x p e n d itu re  is  q u ite  p o s s ib le .
7 .3  T he  50-65 age  g ro u p : O ccu p a tio n , e n e rg y  in ta k e  an d  re q u ire m e n ts .
7 .3 .1  Men -  e n e rg y  in ta k e  an d  re q u ire m e n ts . I t was show n th a t  th e re  
w ere  s ig n if ic a n t d if fe re n c e s  in  e n e rg y  in ta k e  b e tw een  fa rm e rs  an d  lig h t 
in d u s t r y  w o rk e rs ,  c le rica l w o rk e rs  an d  e x e c u tiv e s  b u t n o t be tw een  th e  
fa rm e rs  an d  s te e l an d  b u ild in g  w o rk e rs . T he e n e rg y  in ta k e  o f th e  
c le r ic a l w o rk e rs  was s ig n if ic a n tly  low er th a n  all g ro u p s , e x c e p t th e  
e x e c u tiv e s .  T h u s , th e re  was no t su ch  a s h a rp  d is tin c tio n  be tw een  th e  
e n e rg y  in ta k e  o f th e  g ro u p s  as th e re  w as in  e n e rg y  e x p e n d i tu re ,  b u t  
th e  d if fe re n c e s  in  e n e rg y  in ta k e  b e tw een  th e  g ro u p s  d id  re f le c t th e  
d if fe re n c e s  in  th e i r  e n e rg y  e x p e n d i tu re .
T he  e n e rg y  in ta k e  o f th e  fa rm e rs  (3460 k c a l /d )  was alm ost 250 
k c a l /d a y  le s s  th a n  th e i r  e x p e n d itu re .  T h a t o f th e  g ro u p  o f m iners (4040 
k c a l /d a y ) ,  to  whom th e y  h av e  b een  com pared  in  th e  e n e rg y  e x p e n d itu re  
sec tio n  was 370 k c a l /d a y  in  e x c e ss  of e n e rg y  e x p e n d i tu re .  S im ilarly , 
th e  e n e rg y  in ta k e  of th e  e x e c u tiv e s  (2640 k c a l /d a y )  was 180 k c a l/d a y  
le ss  th a n  th e i r  e x p e n d i tu re ,  while th a t  o f th e  co llie ry  c le rk s  (3040 
k c a l /d a y )  was 240 k c a l /d a y  in  e x c e ss  o f e n e rg y  e x p e n d itu re .  
N e v e r th e le s s ,  th e  d iffe re n c e  betw een  th e  h a rd  la b o u r  g ro u p  an d  th e  
re la tiv e ly  s e d e n ta ry  g ro u p  in  each  of th e  two age g ro u p s  was la rg e , 
(820 a n d  990 k c a l /d )  as i t  was w hen e n e rg y  e x p e n d itu re s  w ere 
com pared  (885 an d  860 k c a l /d ) .  The d iffe re n c e  in  in ta k e  was 30 
p e r c e n t .  A g ro u p  o f men ag ed  20-39 s tu d ie d  b y  B ingham , e t a l . , 
(1981) h a d  an  in ta k e  sim ilar to th e  c le rica l w o rk e rs . T he d iffe re n c e  
b e tw ee n  them  an d  a g ro u p  o f w o rk e rs  o f th e  same age (B ra n s b y , 1954) 
w as 48 p e r c e n t .  T h is  d iffe re n c e  was also fo u n d  in  th e  50-65 age g ro u p  
w hen s e d e n ta ry  w o rk e rs  w ere com pared  to  Swiss fa rm e rs .
M any m ore m ethodologically  com parab le s tu d ie s  of e n e rg y  in ta k e  a re  
av a ilab le  th a n  s tu d ie s  of e n e rg y  e x p e n d itu re .  Some of th e se  a re  l is te d  
in  T ab le  7 .19 (1936-1965) an d  T ab les 7 .2 0 (a )  an d  7 .2 0 (b )  (1966-1986).
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T he m a jo rity  o f th e se  s tu d ie s  hav e  b een  c ite d  in  th e  H isto rica l Review 
to  i l lu s t r a te  th e  e x te n t o f th e  w ork  w hich h a s  b een  done on th e  e n e rg y  
in ta k e  o f o ld e r  a d u lt m en. A lth o u g h  m ost s tu d ie s  a re  o f g ro u p s  ag ed  
b e tw ee n  50-65 an d  65-80 y e a r s ,  th e  e n e rg y  in ta k e  o f some o f th e  e a r ly  
m id d le -ag e d  g ro u p s  an d  o f th e  y o u n g e r  g ro u p s  u s e d  fo r com parison  o f 
e n e rg y  e x p e n d itu re  a re  also  show n . When ta k e n  to g e th e r  w ith  th e  
th e s is  f in d in g s , th e se  in d ic a te  th a t  o ccu p a tio n  is  a b e t te r  p re d ic to r  o f 
e n e rg y  in ta k e  th a n  a g e .
T he c o -e ff ic ie n ts  o f v a r ia tio n  from th e  m ean o f e n e rg y  in ta k e  
(k ilo ca lo rie s  p e r  d ay ) show n in  T able 7 .21 a re  s im ilar to  th e s e  o f th e  
y o u n g e r  m in ers  (13%) c le rk s  (14%) an d  te c h n ic ia n s  (17%). In c re a s in g  
age does n o t seem to a l te r  th e  d e g re e  o f v a r ia tio n  in  e n e rg y  in ta k e  
b e tw ee n  in d iv id u a ls .
When in ta k e  o f e n e rg y  was e x p re s s e d  in  te rm s o f w e ig h t, i t  was 
show n th a t  th e  d iffe re n c e  b e tw een  th e  g ro u p s  was re d u c e d . I t was s till 
s ig n if ic a n t be tw een  th e  fa rm e rs  and  c le rica l w o rk e rs . T h is e ffe c t was 
also  fo u n d  w hen m ean e n e rg y  in ta k e  was e x p re s s e d  as a mean "UNU” 
to ta l  e n e rg y  in ta k e  (T E I) fa c to r  (T ab le  7 .4 ) .  T h ese  fa c to rs  ra n g e d  from 
1.99 an d  1 .91 x BMR fo r th e  fa rm e rs  an d  s te e l w o rk e rs  re sp e c tiv e ly  to
1.52 x BMR fo r th e  c le rica l w o rk e rs . The in te rm e d ia te  g ro u p  fa c to rs  
w ere  1 .7 6 , 1 .89 an d  1.70 x BMR for b u ild in g  an d  lig h t in d u s tr y  w o rk ­
e r s  an d  e x e c u tiv e s  re s p e c t iv e ly . T he r a n k  o rd e r  o f b u ild in g  w o rk e rs  
a n d  lig h t in d u s t r y  w o rk e rs  was re v e r s e d  as i t  was w ith  e n e rg y  e x p e n ­
d i tu re  d u e  to  th e  o v e r -6 0 /6 0 -a n d -u n d e r  y e a rs  com position o f th e  la t te r  
g ro u p . T he c o -e ff ic ie n ts  o f v a r ia tio n  o f mean "UNU” TEI fa c to rs  w ere 
g r e a te r  fo r all g ro u p s , e x c e p t th e  e x e c u tiv e s  th a n  th o se  o f k ilocalo ries  
p e r  d a y , b u t  n o t as g re a t as th o se  o f mean k iloca lo ries  p e r  kilogram  
(T ab le  7 .2 1 ) .
T he m ost s t r ik in g  fin d in g  w hen com paring  th e  th e s is  s tu d ie s  to  
th o se  se le c te d  an d  lis te d  in  T able 7 .19 an d  7 .2 0 , is  th e  s im ila rity  o f 
m ost o f th e  f in d in g s  fo r th e  age g ro u p s  u n d e r  65 y e a rs  to  th o se  of th e  
c le ric a l w o rk e rs  (2440 k c a l /d ) .  T h is level was ex ce ed ed  on ly  b y  g ro u p s  
w hose o ccu p a tio n s  w ere d e fin ite ly  no t s e d e n ta ry ,  fo r exam ple, w here  
th e  o ccu p a tio n s  in c lu d e d  some h eav y  la b o u r o r  inv o lv ed  long  h o u rs  o f
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s ta n d in g  a c tiv it ie s  [ lig h t in d u s t r y  w o rk e rs ,  b a n k  c le rk s  (M o rris , e t  a l . , 
1 9 6 3 )].
T he d iff ic u ltie s  o f a s c e r ta in in g  th e  h a b itu a l in ta k e  o f in d iv id u a ls  
a re  n o to r io u s  an d  h av e  b e e n  d is c u s s e d  in  th e  M ethods an d  H is to rica l 
Review  s e c tio n s . Im p erfec t th o u g h  th e  m ethods may b e , some r e ­
m a rk a b ly  sim ilar r e s u l t s  h av e  b e e n  fo u n d  fo r g ro u p s .  T h ese  a re  no t 
in d ic a tiv e  o f an y  c o n s is te n t d iffe re n c e  in  in ta k e  b e tw een  o ccu p a tio n a lly  
com parab le  g ro u p s  o f 50-65 y e a r s  a n d  th o se  w hich a re  y o u n g e r . 
M cG andy, e t a l . ,  (1966) fo u n d  a d if fe re n c e  o f ab o u t 100 k c a l /d a y  b e ­
tw een  a 45-54 y e a r  g ro u p  an d  a 55-64 g ro u p ,  b u t  no d iffe re n c e  be tw een  
55-64 an d  65-74 age g ro u p s . T he th e s is  s tu d ie s  an d  o th e rs  h av e  fo u n d  
h ig h e r  in ta k e s  th a n  th e y  d id  fo r s e d e n ta ry  w o rk e rs  in  th e se  u n d e r  65 
age  g ro u p s .  O nly th e  20-39 y e a r  old g ro u p  s tu d ie d  b y  B ingham , e t a l . ,  
(1981) re a c h e d  th e  f ig u re  fo r c le rica l w o rk e rs . In  a s tu d y  b y  Thom son 
e t a l . , (1982) th e  in ta k e  of 40 y e a r  o ld s re a c h e d  th e  lev e l of th e  lig h t 
in d u s t r y  w o rk e rs . A 35-39 y e a r  o ld  g ro u p  s tu d ie d  b y  E lah i, e t a l . ,
(1983) h a d  an  in ta k e  sim ilar to th e  e x e c u tiv e s  an d  i t  was found  th a t  
th o se  g ro u p s  ag ed  40-44, 60-64 an d  65-69 h ad  th e  same mean in ta k e  o f 
2300 k c a l /d a y ,  w hile fo u r g ro u p s  ag ed  45-49 , 55-59, 75-79 and  80-84 
h a d  m ean in ta k e s  o f 2200 k c a l /d a y .  T h e re  is  a s lig h t in d ic a tio n , fo r 
exam ple from  Kim, e t a l . , (1984) an d  E lah i, e t a l . , (1983) th a t  a d rop  
in  in ta k e  ta k e s  p lace  b e tw een  35 an d  40 y e a rs  an d  th e n  lev e ls  o ff.
In  th e  H is to rica l R eview , P a r ts  1 an d  2, i t  was n o te d  th a t  a lth o u g h  
th e r e  is  an  o v e ra ll dow nw ard  t r e n d  in  in ta k e  o f e n e rg y  an d  n u tr ie n ts  
w ith  a d v a n c in g  a g e , th e  r a te  of dec line  may no t be  unifo rm  th ro u g h o u t 
th e  age  s p a n .  E v idence  was c ite d  th a t  fo r s e d e n ta ry  g ro u p s  b ey o n d  
th e  age  o f 40 an d  up  to  som ew here b e tw een  75 to  80 y e a r s ,  v e ry  li ttle  
d e c re a se  in  e n e rg y  in ta k e  h a s  b een  show n . In  p a ra lle l w ith  e n e rg y  
e x p e n d i tu re  th e re  a p p e a rs  to  be  a m id d le -y e a rs  p la te a u  o f e n e rg y  
in ta k e .  I t te n d s  to  rem ain  a t ab o u t th e  2300-2400 k c a l/d a y  level fo r 
no rm ally  h e a lth y  m en. T h is  lev e l o f in ta k e  o f h a s  b een  found  in  th e  
m ajo rity  o f co m p ara tiv e ly  s e d e n ta ry  o ccu p a tio n s  in  th e  s tu d ie s  c i te d .
T h is  a c c o rd s  w ith  th e  c la ss ica l e s tim a tes  su c h  as th o se  o f 
T ig e r s te d t  (1911 ), c ite d  b y  S herm an (1952) o f 2000-2400 k c a l/d a y  fo r a
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sh o em ak e r an d  2400 k c a l /d a y  fo r  a w eav er an d  o f th a t  o f O r r  an d  
L e itch  (1938) fo r a s e d e n ta ry  man who does n o t e x e rc is e .  I t  is  som e­
w hat low er th a n  th e  2700 k c a l /d a y  recom m ended b y  them  fo r  a c le rk . 
T h is  l a t t e r  f ig u re  is  m ore in  line  w ith  th e  c a te g o ry  o f " s e d e n ta ry ” 
w o rk e r  who does n o t a c tu a lly  s i t  a g re a t  d e a l, e . g . ,  th e  e x e c u tiv e s , 
th e  co llie ry  c le rk s  an d  th e  b a n k  c le rk s .
In  a g e n e ra l s e n s e ,  i t  w as t r u e  th a t  th e  e n e rg y  in ta k e  o f each  
g ro u p  re f le c te d  th e  e n e rg y  e x p e n d itu re  b e c a u se  th e  h ig h  e n e rg y  e x p e n ­
d i tu re  g ro u p s  w ere th e  h ig h  e n e rg y  in ta k e  g ro u p s  an d  th e  low e n e rg y  
e x p e n d i tu re  g ro u p  was th e  low e n e rg y  in ta k e  g ro u p . An asso c ia tio n  
w as also  show n b e tw ee n  th e  in ta k e  an d  e x p e n d itu re  o f all male s u b je c ts  
( r  0 .7 3 ) .  I t is  n o t know n w h e th e r  th e  e s tim a ted  e n e rg y  e x p e n d itu re  
an d  in ta k e  d u r in g  th e  w eek of s tu d y  re f le c te d  th e  h a b itu a l lev e l o f each  
o f th e s e  v a r ia b le s .  I t is  like ly  th a t  th e re  was le s s  ch an g e  in  th e  p a t te r n  
o f a c t iv i ty  o f th e  m en, dom inated  as i t  was b y  th e i r  o ccu p a tio n , th a n  in  
th e i r  food in ta k e .  T h is  may h av e  b een  a d ju s te d , p e rh a p s  
s u b -c o n s c io u s ly , b y  th e i r  w ives to  gain  th e  in v e s t ig a to r ’s a p p ro v a l.
T he q u e s tio n  o f w h e th e r  e n e rg y  in ta k e  w as, in  fa c t ,  e n e rg y  r e ­
q u ire m e n t is  now a d d re s s e d  in  th e  l ig h t o f th e  FAO/WHO/UNU (1985) 
r e p o r t  on e n e rg y  re q u ire m e n ts  w hich s ta te d  "In  p h y sio lo g ica l te rm s , 
e n e rg y  re q u ire m e n t may be d e fin ed  as th e  lev e l of in ta k e  r e q u ire d  to  
m atch  th e  lev e ls  of e x p e n d i tu re ."  T h is  was q u a lif ied  b y  "norm ative"  
ju d g e m en ts  w hich w ere made ab o u t " lev e ls  of a c t iv i ty ,  g ro w th  r a te s ,  
a n d  b o d y  p ro p o r tio n s  th a t  a re  deem ed to  b e  d e s ira b le ."
A com parison  h a s  b een  made in  th e  d isc u ss io n  of p h y s ic a l a c tiv ity  
o f th e  m ean "UNU" TEE fa c to rs  of each  o f th e  g ro u p s  w ith  fa c to rs  
s u g g e s te d  in  th e  r e p o r t  fo r th r e e  lev e ls  of e n e rg y  e x p e n d itu re .  I t was 
fo u n d  th a t  th e  lev e ls  o f a c tiv ity  w ere in  th e  "d e s ira b le "  r a n g e ,  i . e . ,
th e  le v e l c o n s id e re d  to  b e  a d e q u a te  fo r good h e a l th ,  as d is c u s s e d  in  th e
H is to rica l Review P a r t  2. H ow ever, th e  b o d y  p ro p o r tio n s  of m any o f 
th e  s u b je c ts  w ere n o t in  th e  " d e s ira b le "  ra n g e .  I t was show n th a t  th e  
BMI o f 47 p e rc e n t o f th e  men ex ce ed ed  2 5 .0 , th e  u p p e r  p o in t o f th e
d e s ira b le  w eigh t ra n g e  fo r men ( FAO/W HO/UNU, 1985).
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I f  th e  e n e rg y  re q u ire m e n t o f th e  fa ir ly  hom ogeneous o ccu p a tio n a l 
g ro u p s  o f th e  th e s is  in c lu d e s  th e  co n ce p t o f th e  m ain ten an ce  o f h e a lth  
in  a lre a d y  h e a lth y  in d iv id u a ls , a n d  i f  i t  is  a c c e p te d  th a t  th e re  is  a 
d ir e c t  re la tio n sh ip  b e tw een  BMI an d  m o rb id ity  an d  m o rta lity , th e n  
n e i th e r  th e  e n e rg y  e x p e n d itu re  n o r  th e  e n e rg y  in ta k e  o f th e  g ro u p s  a re  
ac c e p ta b le  as th e ir  e n e rg y  re q u ire m e n ts  as d e fin e d  in  th e  r e p o r t .  T he 
h a b itu a l e n e rg y  e x p e n d itu re  may h av e  b e e n  o v e re s tim a te d  o r  th e  
h a b itu a l e n e rg y  in ta k e  u n d e re s tim a te d . A ch eso n , e t a l . , (1980) fo u n d  
th e  m ethod  u n d e re s tim a te d  th e  la t te r  b y  7 p e r c e n t .  T h ey  a n d  o th e rs  
h av e  s ta te d  th a t  th e  m ethods a re  n o t a c c u ra te  en o u g h  to  p re d ic t  fa t 
ga in  o r lo s s , w hich  can  be  ach iev ed  b y  a v e r y  sm all im balance o f e x ­
p e n d i tu re  to  in ta k e  o v e r a p e r io d  o f tim e. T he e n e rg y  in ta k e  o f 35 o f 
th e  men ag ed  50-65 ex ce ed ed  th e ir  e n e rg y  e x p e n d i tu re ,  b u t  th is  was 
n o t a s so c ia te d  w ith  BMIs o v e r  25. T he es tim a ted  e n e rg y  re q u ire m e n ts  
fo r  th e  g ro u p s  of men b a se d  on th e i r  d e s ira b le  w eigh t fo r h e ig h t an d  
th e i r  "UNU" o ccu p a tio n a l w ork c la ss ifica tio n  a re  show n in  T able 7 .2 2 . 
T he n o rm ativ e  re q u ire m e n ts  h av e  b een  d e r iv e d  from  BMR a t d e s ira b le  
w eig h t fo r each  g ro u p  m ultip lied  b y  th e  m ean g ro u p  "UNU” TEE fa c to r .
T h ese  no rm ativ e  e n e rg y  re q u ire m e n ts  w ere le ss  th a n  th e  ac tu a l 
e n e rg y  in ta k e  of fa rm e rs  (12 k c a l /d a y ) ,  o f th e  s te e l w o rk e rs  (200 
k c a l /d a y ) ,  o f th e  b u ild in g  w o rk e rs  (300 k c a l /d a y ) ,  o f th e  l ig h t in d u s try  
w o rk e rs  (34 k c a l /d a y ) ,  an d  th e  c le r ica l w o rk e rs  (230 k c a l /d a y ) .  T h ey  
w ere  g r e a te r  fo r th e  e x e c u tiv e s  (289 k c a l /d a y ) ,  th e  g ro u p  w hose BMI 
(2 2 .6 )  w as c lo se s t to  th e  d e s ira b le  a v e ra g e  an d  w hose a c tu a l an d  d e s i r ­
ab le  w eigh t show ed th e  le a s t d is c re p a n c y . R e s to ra tio n  o f e n e rg y  
b a lan ce  a t a m ore d e s ira b le  lev e l of w eigh t w ould be  e ffe c te d  b y  th e se  
e n e rg y  re q u ire m e n t e s tim a tes  in  all e x c e p t th e  e x e c u tiv e  g ro u p  an d  
p e rh a p s  th e  fa rm e rs  an d  lig h t in d u s tr y  w o rk e rs . Use o f 2 .1  x  BMR fo r 
th e  a v e ra g e  da ily  e n e rg y  re q u ire m e n t of th e  fa rm e rs  p ro d u c e d  a f ig u re  
o f 3410 k c a l /d a y ,  w hich d if fe re d  li ttle  from a c tu a l e n e rg y  in ta k e  (3470 
k c a l /d a y ) .  H ow ever, e n e rg y  in ta k e  fo r th e  w eek o f th e  s tu d y  a p p e a re d  
to  b e  240 k c a l /d a y  le ss  th a n  e n e rg y  e x p e n d i tu re .  I t is  d o u b tfu l 
w h e th e r  th e  h ig h  lev el o f e n e rg y  e x p e n d itu re  n e c e s s ita te d  b y  h a rv e s t  
tim e w as m ain ta in ed  th ro u g h o u t th e  y e a r  and  e n e rg y  in ta k e  may h av e
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r e f le c te d  a m ore u s u a l lev e l o f e x p e n d i tu re .  T he  m o dera te  w ork  lev el 
o f 1 .78  x  BMR m igh t th e n  b e  a m ore a p p ro p r ia te  re q u ire m e n t f ig u re  a t 
d e s ira b le  w e ig h t.
T he a c tu a l in ta k e  o f s te e l w o rk e rs  ex ce ed ed  th e  es tim a ted  e n e rg y  
re q u ire m e n t a t 2 .1  x  BMR. T h e re fo re ,  1 .78 x BMR w ould b e  th e  
a p p ro p r ia te  n o rm ativ e  le v e l. T h is  w ould also ap p ly  to  th e  b u ild in g  and  
lig h t in d u s t r y  w o rk e rs .
T he lig h t w ork  lev e l o f 1 .55 x  BMR w ould be  a p p ro p r ia te  fo r th e  
e x e c u tiv e s ,  b u t  n o t fo r th e  c le rica l w o rk e rs  w here  re q u ire m e n ts  a t th is  
lev e l d if fe re d  li t t le  from th e ir  e n e rg y  in ta k e  an d  ex ce ed ed  th e ir  e x p e n ­
d i tu r e .  E n e rg y  re q u ire m e n t a t th e  "UNU” TEE fa c to r  leve l o f 1 .4  x 
BMR was 2000 k c a l /d a y  le ss  th a n  e n e rg y  in ta k e .
T he h e ig h t ,  w eigh t an d  BMI o f in d iv id u a l s u b je c ts  w hose mean 
e n e rg y  in ta k e  was le ss  th a n  2000 k c a l /d a y  a re  g iv en  in  T able 7 .2 3 . 
T he e n e rg y  in ta k e  is  g iv en  in  k iloca lo ries  p e r  d ay  an d  as a "UNU" 
e n e rg y  in ta k e  fa c to r .  O nly one man in  th e  50-65 age g ro u p  fell in to  
th is  low in ta k e  c a te g o ry . His in ta k e  was below th e  "UNU" c u t-o f f  p o in t 
o f 1 .2  x  BMR an d  h is  BMI o f 19.0 su g g e s te d  th a t  h is  e n e rg y  in ta k e  may 
h av e  b e e n  in a d e q u a te ,  r a th e r  th a n  th e  ex trem e en d  of a norm al d is ­
tr ib u t io n  .
T he e n e rg y  in ta k e s  o f all g ro u p s  ex ceed ed  th e  mean recom m ended 
in ta k e  o f  2400 k c a l /d a y  (U .S . R D A s, 1980) a n d , in  fo u r g ro u p s , th e  
u p p e r  lim it o f th e  ra n g e  fo r men ag ed  51-75 y e a rs  of 2800 k c a l /d a y .
T he sum m ary o f th is  an d  th e  follow ing d isc u ss io n  a p p e a rs  in
Section  7 .3 .3 .
7 .3 .2  Women -  e n e rg y  in ta k e  an d  re q u ire m e n ts . T he on ly  s ig n if ican t 
d if fe re n c e  in  in ta k e  show n be tw een  th e  th r e e  g ro u p s  o f women ag ed  
b e tw een  50 an d  65 y e a rs  was th e  low er in ta k e  of th e  housew ives
com pared  to  th e  b a k e ry  w o rk e rs  (270 k c a l /d a y ) .  T h is was sim ilar to 
th e  f in d in g s  fo r e n e rg y  e x p e n d itu re  (250 k c a l /d a y ) .
E n e rg y  in ta k e s  fo u n d  in  s tu d ie s  w hich u se d  sim ilar m ethods a re
lis te d  in  T ab les  7 .24  (1936-1965) an d  T ab les 7 .2 5 (a )  an d  7 .2 5 (b ) .  The
th e s is  f in d in g s  can  th u s  be  seen  in  th e  c o n te x t o f p re c e d in g  an d  s u c ­
c e e d in g  s u rv e y s  of th e  d ie ta ry  in ta k e  of th e  age g ro u p s  of in t e r e s t .
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T he o n ly  women o f  all age  g ro u p s  w hose in ta k e  e x c e e d e d  2200 k c a l /d a y  
w ere  th e  Sw iss fa rm e rs /h o u se w iv e s  a n d  an  a p p a re n tly  a ty p ic a l g ro u p  
from  th e  Fram ingham  H eart S tu d y , (G o o r, H o sk in s , D e n n is , e t a l , , 
1985). U n til a f te r  75 y e a rs  th e  low er m ean lev el o f  in ta k e  a p p e a re d  to  
b e  a b o u t 1800 k c a l /d a y .
T he  c o -e ff ic ie n ts  of v a r ia tio n  from  th e  m ean o f e n e rg y  in ta k e  
(k c a l /d a y )  show n in  T ab le  7 .26  w ere g r e a te r  th a n  th o se  o f men an d  o f 
a g ro u p  o f y o u n g  salesw om en (15%) b u t  s im ilar to  a g ro u p  o f y o u n g  
s tu d e n ts  (20%). No firm  conc lu sio n  can  b e  d raw n  ab o u t c h an g e  w ith  
in c re a s in g  ag e  in  th e  d e g re e  o f v a r ia tio n  in  in ta k e  b e tw een  in d iv id u a ls .
I t w as show n th a t  th e re  was no s ig n if ic a n t d iffe re n c e  in  e n e rg y  
in ta k e  p e r  k ilog ram  b o d y  w eigh t b e tw een  th e  g ro u p s .  T h is  w as also 
th e  c a s e ,  w hen m ean to ta l e n e rg y  in ta k e  (T E I) w as e x p re s s e d  as a 
m ean” UNU" TEI fa c to r  (T ab le  7 .1 3 ) .  T h ese  fa c to rs  w ere  1.55 x  BMR 
fo r  th e  h o u se w iv e s , 6 th  d e c a d e , 1.61 x  BMR fo r th e  sew ing  m achine 
w o rk e rs  a n d  1.72 x  BMR fo r th e  b a k e ry  w o rk e rs . T he c o -e ff ic ie n ts  of 
v a r ia tio n  o f m ean "UNU" TEI fa c to rs  w ere  low er th a n  th o se  o f 
k ilo ca lo ries  p e r  d ay  fo r  all g ro u p s  e x c e p t th e  sew ing  w o rk e rs . T he 
g re a te s t  v a r ia tio n  was e x h ib ite d  b y  k ilo ca lo rie s /k ilo g ram  b o d y  w eig h t.
It was show n th a t  th e re  was a m uch low er asso c ia tio n  be tw een  th e  
e n e rg y  in ta k e  an d  e x p e n d itu re  o f all female su b je c ts  ( rO .49) th a n  of 
m ales ( r  0 .7 3 ) an d  th a t  th e  in ta k e  was low er th a n  e x p e n d itu re  in  all 
g ro u p s .
T he q u e s tio n  of w h e th e r  e n e rg y  in ta k e  was th e  e n e rg y  re q u ire m e n t 
is  now exam ined  as i t  was w ith  th e  men in  th e  l ig h t o f th e  "no rm ative"  
ju d g e m e n ts  m ade b y  th e  F A Q /WHO/UNU (1985) C o n su lta tio n .
I t  w as s u g g e s te d  in  th e  d isc u ss io n  o f p h y s ic a l a c tiv ity  th a t  th e  
g ro u p s  of women a p p e a re d  to  h av e  lev e ls  o f a c tiv ity  c o n s is te n t w ith  
c u r r e n t  recom m endations fo r m a in ta in in g  h e a lth  i . e . , in  th e  d e s ira b le  
r a n g e .  As w ith  th e  men th e  b o d y  p ro p o r tio n s  o f m any o f th e  su b je c ts  
w ere  n o t in  th e  "d e s ira b le  ra n g e .  I t was show n th a t  th e  BMI o f 58 
p e rc e n t  of th e  women ex ce ed ed  2 3 .9 , th e  u p p e r  p o in t o f th e  d e s ira b le  
w eigh t ra n g e .
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Follow ing th e  same a rg u m e n t p u t  fo rw a rd  fo r  th e  m en, n e i th e r  th e  
e n e rg y  e x p e n d itu re  n o r  th e  e n e rg y  in ta k e  o f th e  g ro u p s  fu lfilled  th e  
d e fin itio n  o f e n e rg y  re q u ire m e n ts  g iv e n  in  th e  r e p o r t ,  s in ce  e n e rg y  
b a la n c e , i f  i t  h a d  b e e n  ach iev ed  b y  in d iv id u a ls , was m ain ta ined  a t an  
u n d e s ira b ly  h ig h  BMI. In T ab le 7 .27  n o rm ative  e n e rg y  re q u ire m e n ts  
a re  e s tim a te d  u s in g  th e  m ean g ro u p  "UNU" TEE fa c to r  d e r iv e d  from 
"a c tu a l"  e n e rg y  e x p e n d itu re  an d  u s in g  th e  fa c to rs  fo r v a r io u s  lev e ls  of 
w ork  p ro p o s e d  in  FAQ/WHQ/UNU (1985).
N orm ative re q u ire m e n ts  w ere d e r iv e d  from th e  p re v io u s ly  ca lcu la ted  
"UNU" TEE fa c to r  a t a c tu a l w eigh t an d  th e  BMR a t d e s ira b le  w e ig h t. 
T h ese  e x c e e d e d  th e  "ac tu a l"  e n e rg y  in ta k e  o f th e  h o u sew iv es , 6 th  
d ecad e  an d  th e  b a k e ry  w o rk e rs  w hich w as, in  each  c a se , 300 k c a l/d a y  
le ss  th a n  th e  e n e rg y  e x p e n d i tu re .  If  e n e rg y  b a lan ce  h ad  b een  ach ieved  
a t th e  lev e l o f in ta k e  fo u n d , 1 .64 x  BMR w ould be  an  a p p ro p r ia te  
n o rm ativ e  v a lu e  fo r each  g ro u p . S ince th e  e n e rg y  req u ire m e n t o f th e  
sew ing  m achine w o rk e rs  a t 1 .64 x BMR was on ly  35 k c a l /d a y  le ss  th a n  
th e  "a c tu a l"  in ta k e ,  1 .56 x  BMR w ould b e  a m ore a p p ro p r ia te  no rm ative  
re q u ire m e n t v a lu e  fo r th e  g ro u p . E ven  i f  th e  e n e rg y  in ta k e s  w ere 
u n d e re s tim a te d  th e  la rg e  n u m b er of o v e rw e ig h t in d iv id u a ls  in  all su ch  
g ro u p s  in  a ff lu e n t c o u n tr ie s  w ould ju s t i fy  s e t t in g  th e  re q u ire m e n ts  a t 
th o se  le v e ls . I t is  also  p o ssib le  th a t  n o rm ative  re q u ire m e n ts  m ight be 
e v en  low er to d a y  due  to  th e  d e p re s s a n t  e ffe c t on BMR o f re p e a te d
e p iso d e s  o f low e n e rg y  in ta k e s  (H is to rica l R eview , P a r t  2 ) .
T he h e ig h t ,  w eigh t an d  BMI o f in d iv id u a l su b je c ts  w hose mean
e n e rg y  in ta k e  was le ss  th a n  1600 k c a l /d a y  a re  g iv en  in  T able 7 .23 .
E n e rg y  in ta k e  is  show n as k iloca lo ries  p e r  day  an d  as th e  "UNU" e n e r ­
g y  in ta k e  f a c to r .  In  th e  50 to  65 age g ro u p , five  housew ives and  fo u r 
f a c to ry  w o rk e rs  h ad  in ta k e s  o f le ss  th e  1600 k c a l /d a y . For fo u r o f 
th e s e  ho u sew iv es  an d  all fo u r fa c to ry  w o rk e rs  th e  "UNU" TEI fa c to r  
was below th e  "UNU" c u t-o f f  p o in t o f 1.2 x BMR. T he BMI o f th e se  
e ig h t women was w ith in  o r , fo r five  women, ex ce ed ed  d e s ira b le  le v e ls . 
T h e re  may h av e  b een  e r r o r s  in  m easurem en t o f food in ta k e , th e  in ta k e  
may h av e  n o t b een  h a b itu a l o r th e  women may hav e  b een  m etabolically
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m ore e f f ic ie n t (H is to ric a l Review  S ection  3 .1 4 ) .  T he m ean e n e rg y  
e x p e n d i tu re  o f  eac h  women was 2000 k c a l /d a y  o r  ab o v e .
T h e  e n e rg y  in ta k e  o f th e  th r e e  g ro u p s  o f women ex ce ed ed  th e  
m ean recom m ended  in ta k e  o f 1800 k c a l /d a y  (U .S . RD A s, 1980) an d  one 
g ro u p  m et th e  u p p e r  lim it o f th e  ra n g e  (2200 k c a l /d a y )  fo r women ag ed
51-75 y e a r s .
7 .3 .3  Sum m ary -  re la tio n s h ip s  be tw een  o c c u p a tio n , e n e rg y  in ta k e  and  
re q u ire m e n ts  o f men an d  women in  th e  50-65 age g r o u p .
7 .3 .3 .1  M en. T he o ccu p a tio n a l d if fe re n c e  in  e n e rg y  in ta k e  fo u n d  
b e tw ee n  g ro u p s  o f men o f u n d e r  50 y e a r s  was also fo u n d  in  g ro u p s  
a g e d  50-65 . I t w as th e  same as th a t  fo r e n e rg y  e x p e n d i tu re s ,  30 
p e r c e n t .  T he d if fe re n c e  b e tw een  th e  m ost s e d e n ta ry  an d  m ost ac tiv e  
g ro u p s  ag ed  50-65 was 60 p e rc e n t  an d  a g ed  20-39 was 48 p e rc e n t .  The 
d if fe re n c e s  in  e n e rg y  in ta k e  b e tw een  th e  g ro u p s  re f le c te d  th e  
d if fe re n c e s  in  th e i r  e n e rg y  e x p e n d i tu re .
Women. T he n a rro w  ra n g e  o f d if fe re n c e  o f u n d e r  14 p e rc e n t  
b e tw een  g ro u p s  o f women who w ere a t th e  h ig h  an d  low e n d s  of th e  
r a n g e  o f e n e rg y  in ta k e  fo r S c o ttish  women was h a lf  th a t  o f m en. It 
was also  low er th a n  th e  d iffe re n c e  b e tw een  e n e rg y  e x p e n d itu re .  T he 
d if fe re n c e  b e tw een  th e  m ost s e d e n ta ry  g ro u p  and  th e  most ac tiv e  g ro u p  
(S w iss women) was 42 p e rc e n t .  S ince no g ro u p s  u n d e r  50 y e a rs  w ith  
h e a v y  o c c u p a tio n s  w ere fo u n d  fo r  co m p ariso n , i t  is  n o t know n w h e th e r 
a d if fe re n c e  b e tw een  them  an d  s e d e n ta ry  w o rk e rs  is  th e  same as in  th e  
50-65 age  g ro u p .
7 .3 .3 .2  Men. O ccupational g ro u p in g , n o t a g e , was a good p re d ic to r  of 
e n e rg y  in ta k e  in  g ro u p s  o f men ag ed  b e tw een  50 an d  65 y e a rs  an d  in  
y o u n g e r  g ro u p s .
Women. N e ith e r  o ccu p a tio n a l g ro u p in g  n o r  age was a good in d e x  of 
th e  e n e rg y  in ta k e  o f women.
7 .3 .3 .3  M en. T h e re  was no g r e a te r  v a r ia tio n  b e tw een  m ean e n e rg y  
in ta k e  o f in d iv id u a l men in  age g ro u p s  u n d e r  50 y e a rs  an d  be tw een  50 
a n d  65 y e a r s  in  sim ilar o ccu p a tio n a l g ro u p s .
Women. T he v a r ia tio n  in  in ta k e  b e tw een  in d iv id u a l women ag ed  
50-65 y e a r s  was g r e a te r  th a n  th a t  of men b u t  from th e  lim ited d a ta  no
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firm  conclusion  can  b e  d raw n  ab o u t d if fe re n c e s  o r  s im ila ritie s  to  
y o u n g e r  g ro u p s .
7 .3 .3 .4  M en. T h e re  h av e  b e e n  few s tu d ie s  o f men o f an y  age  w hich 
r e p o r t  e n e rg y  in ta k e s  as h ig h  as th o se  o f th e  th e s is  g ro u p s . Most 
r e p o r ts  a re  in  th e  r a n g e  o f th e  c le rica l w o rk e rs ,  2440 k c a l /d a y .
Women. From th e  m any s tu d ie s  o f th e  e n e rg y  in ta k e  o f women on ly  
th e  f in d in g s  fo r  th e  b a k e ry  w o rk e rs  an d  Sw iss fa rm e rs  ex ce ed ed  2200 
k c a l /d a y .  1800-2100 k c a l /d a y  w as th e  r a n g e  o f th e  m ajority  o f  s tu d ie s .
7 .3 .3 .5  M en. In  p a ra lle l w ith  e n e rg y  e x p e n d itu re  th e re  a p p e a rs  to  b e  a 
m iddle y e a r s  p la te a u  o f e n e rg y  in ta k e  w hich  e x te n d s  from ab o u t 40 to  
b e y o n d  65 y e a r s  fo r norm ally  h e a lth y  co m p ara tiv e ly  s e d e n ta ry  m en. For 
men w ith  m ore a c tiv e  o c c u p a tio n s , i t  is  lik e ly  th a t  re tire m e n t re d u c e s  
e n e rg y  e x p e n d itu re  an d  in ta k e  to  th e  lev e l o f th e  m ajority  o f th e  
p o p u la tio n . T h e re  was no re a so n  to  th in k  th a t  th e  e n e rg y  e x p e n d itu re  
o f th e  men h ad  ch a n g e d  since  th e i r  th i r t ie s  u n le ss  th e y  h ad  c h an g e d  
th e i r  o ccu p a tio n a l lev e l of a c t iv ity .
Women. T h is  p la te a u  e x is ts  fo r women th ro u g h o u t a d u lt life . I t 
may be  d is tu rb e d  s lig h tly  on re tire m e n t. T h e re  was no re a so n  to  th in k  
th e  e n e rg y  e x p e n d itu re  of th e  women ag ed  50-65 h ad  a lte re d  sin ce  th e ir  
tw e n tie s . T he ra n g e  o f o ccu p a tio n a l dem and fo r women was sm all.
T he follow ing two p o in ts  a ro se  from th e  exam ination  of th e  fin d in g s  
in  re la tio n  to  th e  c o n c e p ts  d ev eloped  in  FAQ/W HO/UNU, (1985) E x p e rt 
C o n su lta tio n  on E n e rg y  an d  P ro te in  R eq u irem en ts :
7 .3 .3 .6  M en. N orm ative e n e rg y  re q u ire m e n ts  w hich w ould r e s u l t  in  th e  
r e s to ra t io n  o f e n e rg y  b a lan ce  fo r  each  g ro u p  o f men a t a more d e s ira b le  
w e ig h t, 1 .78 x  BMR fo r all g ro u p s , e x c e p t th e  e x e c u tiv e s  an d  c le rica l 
w o rk e rs .  T h ese  w ere 1.55 x BMR an d  1 .41 x BMR re s p e c t iv e ly .
Women. T he n o rm ative  re q u ire m e n ts  fo r th e  g ro u p s  o f women ag ed  
50-65 w ere  1 .64 x  BMR fo r th e  housew ives an d  b a k e ry  w o rk e rs  an d  
1 .56 x  BMR fo r th e  sew ing  w o rk e rs .
7 .3 .3 .7  Men an d  Women. The in ta k e  of one man an d  e ig h t women w ere 
below 1 .2  x  BMR, b u t on ly  th e  man a p p e a re d  to  hav e  an  in a d e q u a te  
in ta k e  b a se d  on th e  lev e l of h is  BMI.
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7 .4  T h e  50-65 age  g ro u p ; N u tr ie n t in ta k e s  a n d  re q u ire m e n ts  o f men 
a n d  w om en. In ta k e  o f p ro te in ,  f a t ,  c a rb o h y d ra te ,  calcium  an d  iro n  
fo u n d  in  some s tu d ie s  w hich  u se d  sim ilar m ethods to  th e  th e s is  s tu d ie s  
a re  l is te d  in  T ab les  7 .28  an d  30 (1936-1966) an d  T ab les  7 .29  an d  7.31 
(1966-1982). T h ese  a re  r e p re s e n ta t iv e  o f s tu d ie s  o f th e  age g ro u p s  o f 
in t e r e s t ,  w hich  p re c e d e d  a n d  su ccee d ed  th o se  o f th e  th e s is .  Some b r ie f  
co m p ariso n s will b e  m ade.
In  th e  H is to rica l R ev iew , S ection  3 .1 2 , n ew er c o n ce p ts  g o v e rn in g  
s ta n d a r d s  a n d  recom m endations fo r d ie ta ry  re q u ire m e n ts  h av e  b een  
d is c u s s e d .  T he p ro te in  in ta k e s  fo u n d  will b e  c o n s id e re d  in  re la tio n  to 
th e  co n ce p t o f a sa fe  lev e l o f in ta k e  fo r  p ro te in  f i r s t  d e fin ed  b y  th e  
Jo in t FAO/WHQ Ad hoc E x p e r t Comm ittee on E n e rg y  an d  P ro te in  R e­
q u ire m e n ts  (1971) an d  u s e d  in  th e  FAO/WHO/UNU (1985) r e p o r t .
C o n flic tin g  sc ien tif ic  op in ions on th e  d e s ira b le  p ro p o r tio n  o f fa t  in  
th e  d ie t an d  on im plem enting  c h an g e  in  e a tin g  h a b its  w ere d is c u s s e d  in  
th e  H is to rica l R eview . T he a n a ly s is  o f th e  food in ta k e  d id  n o t in c lu d e  
com ponen ts  o f d ie ta ry  fa t so on ly  a sim ple com parison  o f p e rc e n ta g e s  o f 
e n e rg y  c o n tr ib u te d  as fa t is  m ade.
S im ilarly  th e  co n flic tin g  op in ions on d e s ira b le  in ta k e s  o f calcium 
an d  iro n  h av e  b een  rev iew ed  an d  th e  f in d in g s  a re  sim ply com pared  to  
one w ell-know n s ta n d a rd  fo r  an  a ff lu e n t p o p u la tio n , th a t  o f th e  Food 
an d  N u tr itio n  B oard  o f th e  N ational A cadem y of S ciences (1980).
In  th e  p e r io d  c o v e re d  b y  th e  s tu d ie s  w hich a re  l i s te d ,  th e  em pha­
s is  o f n u tr i t io n a l sc ien ce  in  th e  d ev e lo p ed  c o u n tr ie s  h a s  g ra d u a lly  
ch a n g e d  from th e  a llev ia tio n  o f  m any o f  th e  d ise a se s  o f p o v e r ty  to  
com bating  th e  d ise a se s  o f a fflu en ce  in  all age  g ro u p s  in c lu d in g  c h i ld re n . 
A t th is  d is ta n c e  in  tim e, th e  n u tr ie n t  in ta k e  f in d in g s  o f th e  th e s is  
s tu d ie s  can  b e  seen  as a small c o n tr ib u tio n , b a se d  on m ore d e ta ile d  
d ie ta ry  d a ta  th a n  a re  u su a lly  o b ta in e d , to  th e  pool o f sc ien tif ic  know l­
e d g e  c o n c e rn in g  th e  n u tr i t io n  o f norm ally  h e a lth y  m id d le -ag ed  an d  
e ld e r ly  p e o p le .
7 .4 .1  P ro te in . I t was show n th a t  th e re  w ere s ig n if ic a n t d if fe re n c e s  in  
p ro te in  in ta k e  b e tw een  th e  two g ro u p s  w ith  th e  g re a te s t  e n e rg y  in ta k e
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a n d  th e  o th e r s .  T h is  w as also  t r u e  fo r  th e  f in d in g s  o f p ro te in  in ta k e  
p e r  k ilo g ram , b u t  as  p e rc e n ta g e  of e n e rg y ,  th e  p ro te in  in ta k e s  o f th e  
s te e l  w o rk e rs  an d  c le rica l w o rk e rs  w ere g r e a te s t .  T he h ig h e r  in ta k e  o f 
th e  s te e l w o rk e rs  a p p e a re d  to  b e  o ccu p a tio n a lly  b a s e d . T he p ro te in  
in ta k e s  o f men as p e rc e n ta g e  o f e n e rg y  in ta k e  a g re e d  c losely  w ith th e  
p e rc e n ta g e s  fo u n d  in  th e  m ajo rity  o f s tu d ie s  l i s te d ,  w hich in c lu d e d  
y o u n g e r  a n d  o ld e r  g ro u p s . T he ra n g e  in c lu d in g  th e  th e s is  s tu d ie s  was 
from  11 to  14 p e rc e n t  fo r B r it is h  s tu d ie s  an d  from 11 to  19 p e rc e n t  fo r 
A m erican  s tu d ie s .
M cG andy, e t a l . , (1966) who s tu d ie d  p ro s p e ro u s ,  h ig h ly  e d u c a te d  
men in  th e  U nited  S ta te s  fo u n d  th a t  p ro te in  p ro v id e d  16 p e rc e n t o f 
th e i r  e n e rg y  in ta k e  in  e v e ry  age g ro u p  from 20 y e a r s  u p w a rd s . T h e re  
w ere  no fin an c ia l c o n s tra in ts  on food se lec tio n  fo r th e se  s u b je c ts .  
T h e re  was a fa ll in  to ta l in ta k e  o f p ro te in  in  each  d ecad e  from th e  th i rd  
o n w ard s  as e n e rg y  in ta k e  d e c lin e d , sim ilar to  th a t  seen  in  o u r  g ro u p s  
o f s u b je c ts  w hose in ta k e  d ec lin ed  w ith  th e i r  a c t iv ity  a t w ork .
T he mean p ro te in  in ta k e  o f th e  b a k e ry  w o rk e rs , like th e i r  e n e rg y  
in ta k e ,  was show n to  be s ig n if ic a n tly  h ig h e r  th a n  th e  h o u sew iv es , b u t 
th e re  was no s ig n if ic a n t d iffe re n c e  in  p ro te in  in ta k e  p e r  k ilog ram . The 
d if fe re n c e s  as p e rc e n ta g e  of e n e rg y  in ta k e  w ere sm all.
T he p ro p o r tio n  o f p ro te in  in  th e  B r it ish  s tu d ie s  of women was in  
a cc o rd  w ith  o u r  f in d in g s  ra n g in g  from 12-15 p e rc e n t .  The ra n g e  in  th e  
A m erican s tu d ie s  was 13-16 p e rc e n t .
In  th e  FAQ/W HO/UNU, (1985) r e p o r t ,  th e  g ro u p  physio lo g ica l
re q u ire m e n t o r safe  leve l was d e fin ed  as th e  level w hich will meet o r
ex ce ed  th e  re q u ire m e n ts  o f p ra c tic a lly  all in d iv id u a ls  in  th e  g ro u p ,
i . e . ,  th e  a v e ra g e  re q u ire m e n t + two s ta n d a rd  d e v ia tio n s . For a d u lts  o f 
b o th  s e x e s  th e  sa fe  lev e l of in ta k e  a cc ep ted  b y  th e  C o n su lta tio n  was 
0 .75  g /k g /d a y  in  te rm s  o f p ro te in s  w ith  th e  d ig e s tib ility  of milk o r  e g g . 
T he p ro te in  in ta k e s  of all b u t th re e  m en, each  from a d if fe re n t g ro u p  
u n d e r  65 y e a rs  ex ce ed ed  lg / k g /d a y .  In  no case  was th e  in ta k e  le ss
th a n  0 .8  g /k g /d a y .
Many m ore women (28) th a n  men (6) d id  no t a t ta in  a da ily  in ta k e
o f p ro te in  o f 1 g /k g /d a y ,  (9 housew ives w ith  fam ily, 10 sew ing
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w o rk e r s ,  4 b a k e ry  w o rk e r s ) .  O f th e s e ,  5 d id  n o t a t ta in  0 .75 
g / k g / d a y .  O f th e s e  5, 2 h a d  e n e rg y  in ta k e s  o f le ss  th a n  1600
k c a l /d a y .  I t w ould a p p e a r  th a t  th e  p ro te in  in ta k e  o f th e se  2 women 
w as d e f in i te ly  in a d e q u a te  an d  was p ro b a b ly  in a d e q u a te  fo r th e  o th e r  
th r e e .  T he a v e ra g e  in ta k e  o f  2 o f th e  3 g ro u p s ,  e x c lu d in g  th e  b a k e ry  
w o rk e rs ,  w as 1 g /k g / d a y .
T he  m ean in ta k e  o f all th e  g ro u p s  ex ce ed ed  th e  USA Recom m ended 
D ie ta ry  A llow ance (1980) o f 56 g /d a y  fo r  men an d  49 g /d a y  fo r women 
o f o v e r  51 y e a r s ,  w hich  is  e q u iv a le n t to  0 .8  g /k g /d a y  an d  o f th e  DHSS 
recom m endations fo r  g ro u p s  o f peop le  in  th e  U n ited  Kingdom (1981).
7 .4 .2  F a t . I t w as fo u n d  th a t  th e  p e rc e n ta g e  o f th e  e n e rg y  in ta k e  
d e r iv e d  from  fa t (37-39%) was ab o u t th e  same fo r all g ro u p s  of men 
e x c e p t th e  c le r ic a l w o rk e rs  (42%). T h is  c o n tr ib u tio n  was som ew hat 
h ig h e r  th a n  th e  r e p o r te d  v a lu e  o f 35 p e rc e n t  fo r coal m iners an d  34 
p e rc e n t  fo r  co llie ry  c le rk s  (G a r ry ,  e t a l . , 1955). W iddowson (1936) 
fo u n d  th e  same p e rc e n ta g e  o f fa t (38%) in  th e  d ie ts  of men ag ed  51-89. 
In  th e  s tu d ie s  o f men p u b lish e d  b e fo re  1960, th e  p e rc e n ta g e s  of e n e rg y  
fo u n d  to  b e  c o n tr ib u te d  b y  fa t w ere u n d e r  40 p e rc e n t .  T h e re  is  some 
ev id en ce  th a t  th e  in ta k e  c re p t  up  fo r  a few y e a rs  a f te r  th a t  an d  may be 
b e g in n in g  to  dec line  a g a in . A small dec line  in  fa t in ta k e  w ith  age may 
o c c u r  a n d  th is  is  c o n s is te n t w ith  th e  th e s is  f in d in g s  fo r b o th  men and  
women w h ere  small n e g a tiv e  a sso c ia tio n s  w ere fo u n d  be tw een  age and  fa t 
in ta k e .  F a t as a p e rc e n ta g e  of in ta k e  does n o t a p p e a r  to  d ec lin e . The 
p e rc e n ta g e  o f fa t in  th e  d ie t ex ce ed ed  40 p e rc e n t  in  b o th  th e  DHSS 
(1 9 7 2 ), an d  th e  M acleod, e t a l . , (1974) s tu d ie s  o f men o f 65 an d  o v e r .  
In  th e  s tu d y  o f o ld e r  men in  E d in b u rg h  L o n erg an  fo u n d  th e  fa t c o n tr i ­
b u tio n  to  b e  38%, sim ilar to  o u r  f in d in g s  an d  th o se  p r io r  to  1965.
F o r w om en, th e  c o n tr ib u tio n  o f fa t to  e n e rg y  in ta k e  h a s ,  on th e  
w hole, b e e n  h ig h e r  th a n  th a t  o f men b o th  b e fo re  an d  a f te r  1965. T h is  
was also  fo u n d  in  th e  th e s is  s tu d ie s  w here  in  all 4 g ro u p s  o f women it  
met o r  e x ce ed ed  th e  40 p e rc e n t le v e l, w hich was found  in  on ly  two 
g ro u p s  of m en. T h ese  f ig u re s  w ere com parab le to  41 p e rc e n t o f e n e rg y  
in ta k e  p ro v id e d  b y  fa t in  th e  d ie ts  of h o usew ives and  th e ir  d a u g h te r s
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(D u rn in , 1957). W iddowson an d  M cCance (1936) o b ta in e d  th e  same 
r e s u l t s  (41%) fo r  e lev en  women ag ed  50-62 who w ere  in c lu d e d  in  a 
la rg e r  s tu d y  o f 63 women ag ed  19-62 y e a r s .  T he f ig u re  fo r  th e  whole 
g ro u p  w as 43 p e rc e n t .
F ry ,  e t a l . ,  (1963) r e p o r te d  th a t  50 p e rc e n t o f e n e rg y  in ta k e  was 
c o n tr ib u te d  b y  fa t an d  n o te d  th a t  th e  c h a ra c te r is t ic  d ie t o f  women o f 
th e  n o r th  c e n tra l  s ta te s  o f th e  U .S . co n ta in s  more fa t th a n  th a t  o f 
women in  C a lifo rn ia . Such  an  in ta k e  is  q u e s tio n a b le  b u t  w as no d o u b t 
c h e c k e d  b y  th e  a u th o rs  s in ce  th e y  drew  a tte n tio n  to  i t  an d  n o te d  ’’th e  
c u r r e n t  c o n c e rn  ab o u t th e  e f fe c t o f b o th  th e  q u a lity  an d  q u a n t i ty  o f 
d ie ta ry  fa t on th e  developm ent o f a th e ro sc le ro s is  an d  h e a r t  d is e a s e .” 
No a p p re c ia b le  d ro p  in  th e  fa t com ponent o f th e  d ie t in  B rita in  h as
b e e n  d e m o n s tra te d  b y  th e  s tu d ie s  c i te d , a t le a s t up  u n ti l  1981
(B ingham , e t a l . ,  1981). In th e  U .S .A . E lah i, e t a l . , (1983) r e p o r te d  
fa t in ta k e s  o f 37-42 p e rc e n t w ith  a decline  w ith  a g e , while Kim, e t a l . ,
(1984) g av e  a f ig u re  o f 38 p e rc e n t  fo r all age and  sex  g ro u p s .
If  th e  th e s is  s tu d ie s  a re  com pared  to  one a n o th e r ,  th e  p e rc e n ta g e  
o f fa t in  th e  d ie t was show n to  in c re a se  from 40 p e rc e n t in  th e  g ro u p  
o f women w hose mean e n e rg y  in ta k e  was 1900 k c a l /d a y  to 44 p e rc e n t  in  
one w hose in ta k e  was 2200 k c a l /d a y . T h is  ty p e  o f g ra d ie n t was no t 
show n fo r  men n o r  was th e re  an y  ev id en ce  of i t  in  th e  lim ited n u m b er
o f com parab le  s tu d ie s .  T he c o n tr ib u tio n s  of fa t to  th e  d ie ts  o f Sw iss
men a n d  women w ere on ly  30 p e rc e n t an d  36 p e rc e n t re s p e c tiv e ly .
7 .4 .3  C alcium . Some o f th e  co n tin u in g  c o n tro v e rsy  o v e r th e  sa fe  level 
o f calcium  in ta k e ,  esp ec ia lly  fo r women, was d isc u sse d  in  th e  H isto rica l 
R ev iew , in c lu d in g  th e  su g g e s tio n  th a t  th e  RDA fo r a d u lts  sh o u ld  b e  a t 
le a s t  1200 to  1500 m g /d a y . The in ta k e  o f 31 men ex ce ed ed  1200 m g /d ay  
a n d , o f th e s e ,  13 w ere fa rm e rs . The d ie ta ry  in ta k e  o f calcium  recom ­
m ended  b y  th e  BMA in  1950 was 800 m g /d ay  and  th is  was th e  r e c ­
om m endation o f th e  U .S . N ational A cadem y of S ciences in  1980. O nly 10 
men h a d  in ta k e s  below th is  le v e l. In  th e  u n d e r  65 age g ro u p s , 
ro u g h ly  1 in  10 men h ad  in ta k e s  be tw een  500 an d  800 m g /d ay  an d  a t 
th is  le v e l, met th e  s ta n d a rd  of 500 m g /d ay  s u g g e s te d  b y  DHSS in  1969.
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I t  h a s  b e e n  commonly fo u n d  th a t  th e  in ta k e s  o f  men e x ce ed  a n y  
s t a n d a r d s  ap p l ied  a n d  th e  mean in ta k e s  o f  all th e  g r o u p s  an d  th e  l i s te d  
s tu d ie s  confirm  th i s .
T h e  mean in ta k e s  of th e  female g ro u p s  met th e  s t a n d a r d  o f  800 
m g /d a y  b u t  o v e r  h a l f  o f  th e  women in  two g ro u p s  h ad  in ta k e s  be tw een  
500 a n d  800 m g /d a y .  T he ex ce p tio n  was th e  b a k e r y  w o rk e rs  g ro u p  an d  
th i s  was p a r t i a l ly  ex p la in ed  b y  th e i r  g r e a t e r  e n e r g y  in ta k e .  T he  in ta k e s  
o f  6 w ere  below 500 m g /d a y .  Five women h ad  mean in ta k e s  of o v e r  
1200 m g /d a y .  Of th e  29 women who h a d  in ta k e s  of le ss  th a n  800 
m g /d a y ,  on ly  n in e  w ere  a s so c ia ted  w ith  e n e r g y  in ta k e s  below 1600 
k c a l /d a y .  Food cho ices  made b y  women, in  add i t ion  to e n e r g y  in ta k e s  
low er th a n  m en , a re  im plicated  in  th e  d if fe re n c e  b e tw ee n  th e  sex es  in  
calcium in t a k e .
T he  mean in ta k e s  of th e  g ro u p s  of women w ere  similar to th o se  
fo u n d  in  th e  p r e  a n d  p o s t  1965 s tu d ie s .  Le B ov it t  (1965) was one of 
m any r e s e a r c h e r s  who h av e  fo u n d  th a t  calcium and  a sco rb ic  acid  a re  th e  
n u t r i e n t s  in  s h o r te s t  su p p ly  in  th e  d ie ts  of women of all a g e s .  Milk, 
f r u i t  a n d  g r e e n  v e g e t a b l e s , w hich a re  im p o r tan t  so u rc e s  of ca lc ium , 
w ere  n o t  p ro m in en t  in  th e  d ie t  of th e  th e s i s  s u b je c t s .  Lack of th e s e
foods is  s t i l l  a f e a tu r e  of th e  S co tt ish  d ie t (R e p o r t  of th e  S co tt ish
C o ro n a ry  H eart  D isease  an d  th e  S co tt ish  H eart  H ealth  S tu d y ,  1988).
The  mean in ta k e s  fo u n d  b y  B ingham , e t a l . , (1981) in  E ng land  an d  
L e n n e r ,  e t  a l . , (1977) in  Sweden fo r  women in  th e  50-65 age g ro u p ,  
e x c e e d e d  th o se  o f  th e  th e s i s  g ro u p s  b y  abou t 100 m g /d a y ,  a l th o u g h  
th e i r  mean e n e r g y  in ta k e s  d id  no t ex ce ed  them .
G ro u p s  o f  y o u n g  women s tu d ie d  b y  D u rn in  a n d  h is  co lleagues  
(D u rn in ,  e t  a l . , 1957, D u rn in  an d  B ro ck w ay , u n p u b l i s h e d  d a ta )  w ere 
fo u n d  to  h av e  calcium in ta k e s  in  th e  same r a n g e  as  th o se  of th e  th e s i s  
s tu d ie s .
I f  n o rm ative  e n e r g y  in ta k e s  a re  p ro p o se d  fo r  g ro u p s  o f  women, 
a t te n t io n  sh o u ld  be  p a id  to  th e  e f fec t on in ta k e  of calcium, which was 
show n to  be  s ig n if ic a n t ly  r e la te d  to e n e r g y  in ta k e  fo r  women ( r  0 .66)
a n d  men ( r  0 .6 6 ) .  For b o th  sex es  i t  was be tw een  350-450 g/1000
k c a l /d a y .
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7 .4 .4  I r o n . T he mean in ta k e s  of i ro n  o f  all th e  male g ro u p s  (13-20 
m g /d a y )  g r e a t ly  e x c e e d e d  th e  BMA (1950) s t a n d a r d  o f  12 m g /d a y ,  
w hich  was u s e d  a t  th e  time of th e  s tu d ie s  an d  also th e  low er s t a n d a r d  
o f  10 m g /d a y ,  w hich is  p r e s e n t ly  u s e d  (U SA -RD A s, 1980). In  th e  p r e  
a n d  p o s t  1965 s tu d ie s  l i s te d ,  mean iro n  in ta k e s  w ere  all in  e x c e ss  o f  11 
m g /d a y .  O nly  one th e s i s  s u b jec t  h ad  an  in ta k e  o f  le ss  th a n  10 m g /d a y  
(9 mg) w ith  an  e n e r g y  in ta k e  o f  2100 k c a l /d a y .
T he  mean in ta k e  of th e  th r e e  g ro u p s  of women (11-13 m g /d a y ) ,  
also w ere  fo u n d  to ex ceed  th e  10 m g /d a y  s t a n d a r d .  The in ta k e  of th e  
two g r o u p s  o f  f a c to ry  w o rk e rs  ex ceed ed  th e  12 m g /d a y  s t a n d a r d .  The 
f in d in g s  o f  th e  s tu d ie s  g iven  fo r  com parison  w ere c o n s is te n t  w ith o u r s .  
T h e y  show ed  th a t  i ro n  in ta k e  in c re a s e d  with e n e r g y  in ta k e  an d  te n d e d  
to  d e c r e a s e  in  th e  75 an d  o v e r  age g ro u p ,  w here  e n e r g y  in ta k e  levels  
also show ed  a d ec l ine .  Only th e  Sw edish  g ro u p  (L e n n e r ,  e t  a l . ,  1977) 
h a d  h ig h e r  i ro n  in ta k e s  a l th o u g h  th e  leve l of e n e r g y  in ta k e  was abou t 
th e  same as  th e  th e s i s  g ro u p s .  T h e re fo re ,  th e i r  choice of foods h a d  a 
h ig h e r  n u t r i e n t  d e n s i ty  o f  iro n  th a n  th o se  of th e  o th e r  g ro u p s  c i te d .
One woman w ith an in ta k e  of less  th a n  5 m g /d a y  h a d  an e n e rg y  
in ta k e  o f  1100 k c a l /d a y .  In ad d i t io n ,  th e  in ta k e  of 12 women d id  no t 
meet th e  10 mg s ta n d a r d .  T h is  app lied  to only  one man.
A s ig n if ic a n t  assoc ia tion  was shown be tw een  iro n  an d  e n e rg y  in ta k e  
( r  0.72 fo r  women, r  0.74 fo r  m en ).  The level of in ta k e  p e r  1000 
k iloca lo ries  was also in  th e  same r a n g e  for b o th  sexes  at 5-6 mg/1000 
k iloca lo r ie s .  T h is  s u g g e s te d  th a t  t a t th a t  time, th e  food choices o f  
women a t  leve ls  of e n e rg y  in ta k e  below 2000 k c a l /d a y  led  to  in ta k e s  
below th e  s t a n d a r d  of 10 m g /d a y  fo r  abou t 25 p e r c e n t  of th e  female 
p o p u la t io n .  When e n e rg y  in ta k e s  of men d ro p  to th is  leve l,  in c re a s e  in  
th e  n u m b e r  o f  "low" in ta k e s  is  to be  e x p e c te d .
N orm ative levels  of e n e rg y  in ta k e  would te n d  to r e d u c e  th e  i ro n  
in ta k e  u n le s s  foods with a n ig h e r  n u t r i e n t  d e n s i ty  o f  iro n  w ere  in c lu d ed  
in  th e  d ie t .
7 .4 .5  Sum m ary -  n u t r i e n t  in ta k e s  and  re q u ire m e n ts  of men and  women 
in  th e  50-65 age  g r o u p .
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7 . 4 .5 . 1  Men a n d  Women. T he  occu p a tio n a l  leve l o f  e n e r g y  in ta k e  d id  
n o t  a f fe c t  th e  p ro p o r t io n  o f  p ro te in  in  th e  d ie t  of g ro u p s  o f  men a n d  
women e x c e p t  fo r  th e  s tee l  w o rk e r s .  T he  p ro te in  in ta k e s  o f  men an d  
women as p e r c e n ta g e s  o f  e n e r g y  in ta k e  a g re e d  c losely  with th e  
p e r c e n ta g e s  fo u n d  in  th e  B r i t i s h  s tu d ie s  l i s t e d ,  w hich in c lu d e d  y o u n g e r  
a n d  o ld e r  g r o u p s .  T he g ro u p  in ta k e s  met o r  e x ce ed ed  th e  safe  level 
d e f in e d  in  th e  FAO/W HO/UNU, (1985) r e p o r t  an d  th e  U .S .A .  (1980) 
Recom m ended D ie ta ry  Allowance fo r  p r o te in .  The in ta k e  of five  women 
in  th e  ag e  g ro u p  50-65 y e a r s  d id  n o t  re a c h  th e  recom m ended sa fe  level 
o f  0 .75 g / k g / d a y .
7 .4 .5 .2  Men a n d  Women. Fat in ta k e  fo r  b o th  men an d  women was 
close ly  r e l a te d  to  e n e r g y  in t a k e ,  b u t  th e  o ccupa tiona l leve l of e n e rg y  
in ta k e  d id  n o t  a f fec t  th e  p ro p o r t io n  of fa t  in  th e  d ie t  fo r  most g ro u p s .  
One g ro u p  o f women, th e  b a k e r y  w o rk e rs  who h ad  th e  g r e a t e s t  e n e rg y  
in t a k e ,  also h a d  th e  g r e a t e s t  p e rc e n ta g e  of p ro te in  an d  fa t ,  while th e  
g ro u p  o f  men w ith  th e  g r e a t e s t  p e rc e n ta g e  of p ro te in  an d  fa t  was th e  
low in ta k e  g r o u p ,  th e  s e d e n ta r y  w o rk e r s .  The fa t  in ta k e  of b o th  th e  
men a n d  women was c o n s is te n t  w ith o th e r  s tu d ie s ,  which also show ed 
th a t  th e  c o n t r ib u t io n  of fa t  to th e  e n e r g y  in ta k e  of women was g en e ra lly  
h ig h e r  th a n  th a t  o f  men. In  sp i te  of pub lic  a w aren ess  th a t  h ig h  fa t  
in ta k e  may be a s so c ia ted  w ith h e a r t  d is e a se ,  no ap p rec iab le  d ro p  in  th e  
fa t  com ponent of th e  d ie t  in  B r i ta in  h a s  b een  d em o n s tra te d  b y  th e  
s tu d ie s  c i te d ,  a t le a s t  up  u n t i l  1981 (B ingham , e t  a l . , 1981).
7 .4 .5 .3  Men a n d  Women. O ccupation  d id  not a f fec t calcium in ta k e  fo r  
e i th e r  men o r  women, a p a r t  from i t s  re la t io n sh ip  to i t  t h r o u g h  e n e rg y  
in t a k e .  T he  fa rm e rs  d id  no t have  a h ig h e r  in ta k e  p e r  1000 k ilocalories  
th a n  th e  o th e r  g r o u p s ,  a l th o u g h  n e a r ly  h a l f  of th e  men w ith in ta k e s  
o v e r  1200 m g /d a y  w ere fa rm e rs .  The mean in ta k e s  of b o th  th e  male 
a n d  female g ro u p s  a t ta in e d  th e  U .S .A .  (1980) Recommended Allowance 
o f  800 m g /d a y  fo r  calcium , b u t  1 in  10 men an d  o v e r  h a lf  of th e  women 
h a d  in ta k e  o f  le ss  th a n  th is  leve l.  The mean in ta k e s  of men an d  women 
w ere  sim ilar to th o se  found  in  th e  p r e  an d  p o s t  1965 s tu d ie s  an d  g ro u p s  
o f  th e  same age  an d  y o u n g e r .  The same d if fe re n ce  was shown be tw een  
men a n d  women. Food choices made b y  women, in  add ition  to e n e rg y
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in ta k e s  low er th a n  m en, a re  im plicated  in  th e  d i f fe re n c e  be tw een  th e  
s e x e s  in  calcium in ta k e .  Safe leve ls  o f  in ta k e  of calcium p ro p o s e d  as 
b e tw e e n  1200-1500 m g /d a y  fo r  women a re  u n lik e ly  to be  re a c h e d  b y  
d ie ta r y  m eans a lone , e spec ia lly  a t  no rm ative  leve ls  of e n e r g y  in ta k e .
7 .4 .5 . 4  Men a n d  Women. I ro n  in ta k e  was c losely  r e la te d  to e n e rg y  
in ta k e  fo r  men an d  women an d  was no t a f fec ted  b y  o ccu p a tio n .  The 
f in d in g s  o f  th e  s tu d ie s  g iven  for com parison  w ere c o n s is te n t  w ith o u r s  
a n d  th e  mean in ta k e s  o f  all g ro u p s  ex ce ed ed  th e  10 m g /d a y  s t a n d a r d  
(U SA -R D A s, 1980). T he  in ta k e  of 12 women an d  only  one man d id  no t 
meet th i s  s t a n d a r d .  A h ig h e r  e n e r g y  in ta k e  a n d ,  t h u s ,  g r e a t e r  in ta k e  
o f  i r o n - s u p p ly in g  foods led  to  th e  s a t i s f a c to ry  in ta k e  fo r  men. For 
women, d ie ta r y  cho ices  a t  th e i r  lower level o f  e n e r g y  in ta k e  d id  not 
in c lu d e  foods which h av e  a su ff ic ie n tly  h ig h  n u t r i e n t  d e n s i ty  o f  i r o n .  
T he  food choices  made b y  th e  women s tu d ie d  a t  levels  of e n e r g y  in ta k e  
below 2000 k c a l /d a y  would h ave  led  to  in ta k e s  below th e  s t a n d a r d  of 10 
m g /d a y  fo r  abou t 25 p e r c e n t  of th e  p o p u la t io n .  N ormative levels  of 
e n e r g y  in ta k e  would te n d  to  r e d u c e  th e  iro n  in ta k e  u n le ss  foods with a 
h ig h e r  n u t r i e n t  d e n s i ty  of i ro n  w ere in c lu d ed  in  th e  d ie t .
7 .5  T he  o v e r  65 age g r o u p s . The p r im a ry  focus of th e  s tu d ie s  o f  a 
g ro u p  o f men an d  a g ro u p  of women of o v e r  65 y e a r s  who l ived  alone 
was th e  a d e q u a c y  o f th e i r  food in ta k e .  Two o th e r  v e r y  small g ro u p s  
w ere  s tu d ie d ,  a g ro u p  of five fa rm e rs  aged  be tw een  65 an d  80 an d  a 
g ro u p  o f  fo u r  housew ives  ag ed  b e tw een  65 an d  81 who re c o rd e d  food 
in ta k e  o n ly .
A lth o u g h  th e  n u m b e rs  a re  no t l a rg e ,  th e  two p o s t  re t i r e m e n t  
g r o u p s ,  one of men and  one of women, h ave  b een  com pared  to th e  
p r e - r e t i r e m e n t  g ro u p s  to  whom th e y  b e a r  most re sem b lan ce .  The o lde r  
s t i l l -w o rk in g  fa rm e rs  h ave  b een  com pared  to  th e  fa rm ers  of 50-65 y e a r s .
7 .5 .1  To tal e n e r g y  e x p e n d i tu re  an d  p h y s ica l  ac t iv i ty
Men -  It was shown th a t  th e  to ta l  e n e rg y  e x p e n d i tu re  of th e  r e t i r e d  
men who l ived  alone was no t s ig n if ican tly  lower th a n  th a t  of th e  
p r e - r e t i r e m e n t  g ro u p  of  c lerica l w o rk e rs .  If  th e i r  p re v io u s  o ccupa tions
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h a d  b e e n  s e d e n t a r y , th e i r  e n e r g y  e x p e n d i tu r e  m ight n o t  h av e  d e c re a s e d  
on  r e t i r e m e n t .  H ow ever,  th e i r  p re v io u s  o ccu p a tio n s  w ere  c o n s id e re d  
to  b e  more ak in  to  th e  g ro u p  o f  b u i ld in g  w o rk e rs  an d  a s ig n if ican t  
d i f fe re n c e  was show n b e tw een  th e s e  two g r o u p s .  S im ilarly , th e  e n e r g y  
e x p e n d i tu r e  of th e  o ld e r  fa rm e rs  was show n to be  s ig n if ican t ly  lower 
th a n  t h a t  o f  th e  y o u n g e r  g ro u p  of f a rm e rs .  H ow ever, i t  was no t low er 
th a n  th a t  o f  a n y  o f  th e  o th e r  g r o u p s .  In common with th e  50-65 age 
g r o u p ,  a d i f fe re n c e  o f  700 k c a l /d a y  was found  b e tw ee n  th e  s e d e n ta r y  
a n d  ac t iv e  g r o u p ,  i . e . ,  r e t i r e d  men an d  fa rm e rs .  T he  e x p e n d i tu r e  o f  
th e  l a t t e r  was com parab le  to  a small g ro u p  of Swiss fa rm e rs  o f  th e  same 
age  (T ab le  7 . 1 ) .  T h u s ,  t h e r e  was a d if fe re n c e  o f  23 p e r c e n t  be tw een  
th e  e n e r g y  e x p e n d i tu r e  o f  a n o n - s e d e n ta r y  p r e - r e t i r e m e n t  g ro u p  an d  a 
com parab le  r e t i r e d  g ro u p .  Where age alone was th e  d i f fe re n c e ,  in  th e  
case  of th e  f a rm e r s ,  th e r e  was a 19 p e r c e n t  d e c re a s e .  No o th e r  s tu d ie s  
of e n e r g y  e x p e n d i tu r e  fo r  th is  age g ro u p  w ere ava ilab le .
T he c o -e f f ic ien t  o f  v a r ia t io n  of e n e r g y  e x p e n d i tu r e  in  k ilocalories  
p e r  d ay  fo r  th e  g ro u p  of r e t i r e d  men was g r e a t e r  th a n  th a t  o f  all o th e r  
g r o u p s ,  b u t  th is  d i s p a r i ty  was r e d u c e d  w hen i t  was e x p r e s s e d  as  a 
F le isch  o r  "UNU" TEE fac to r  an d  as k ilocalories  p e r  kilogram  p e r  day  
(T ab le  7 .2 ) .
T h u s ,  t h e r e  was th e  same scale of d if fe re n ce  b e tw een  th e  low an d  
h ig h  e n d  o f  th e  e n e r g y  e x p e n d i tu r e  of g ro u p s  of o v e r  65 y e a r s  as th e r e  
was o f  g ro u p s  50-65 y e a r s ;  th e r e  was no g r e a t e r  o r  no le ss  v a r ia t io n  
b e tw ee n  in d iv id u a ls  of o v e r  65 y e a r s  th a n  u n d e r  65 y e a r s ;  an d  men 
o v e r  65 y e a r s  w ere capab le  of h ig h  levels  of e n e rg y  e x p e n d i tu r e .
T he  "UNU" TEE fa c to rs  fo r  th e  o lde r  g ro u p s  of men (1 .66  x BMR, 
1.95 x  BMR) w ere c lo se r  th a n  th o se  o f  th e  y o u n g e r  g ro u p s  to th e  
F le isch  TEE fa c to r s  (1 .68  x  BMR and  1.94 x BMR) [Tab le  7.3  an d  7 .4 ] .  
T he  n e a r ly  id e n t ic a l  BMRs a p p e a r  in  Table 7 .5 .
The  mean F le isch  TEE fac to r  for th e  fa rm ers  was similar to th a t  of 
th e  g ro u p s  of m odera te  w o rk e rs  b u t  th e  "UNU" fac to r  ex ce ed ed  all 
g ro u p s  e x c e p t  th e  y o u n g e r  fa rm e rs .
T he  e n e r g y  cos t  of occupa tiona l p lu s  n o n -o ccu p a tio n a l  w ork  was 
2 .9  x  BMR to  th e  o ld e r  fa rm e rs  com pared  to 4 .0  x BMR fo r th e  y o u n g e r
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g r o u p .  T h is  r e f le c te d  th e  f in d in g  th a t  th e  o ld e r  men s p e n t  2 h o u r s  
le s s  p e r  d a y  in  "m odera te"  a c t iv i ty  a n d  th e i r  ro u t in e  in c lu d e d  no 
"h e a v y "  o r  " v e r y  h eav y "  a c t iv i t ie s .  T he  e n e r g y  cos t o f  2 .9  x  BMR 
e x c e e d e d  th e  FAO/WHO/UNU (1985) r e p o r t  f ig u re  of 2 .7  x  BMR fo r  
m o d e ra te  w o rk .  T he  o lde r  fa rm e rs  w ere more ac t ive  in  " re lax a tio n "  tim e,
2 .0  x  BMR com pared  to 1.3 x BMR, an d  also w alked a l i t t le  more 
v ig o ro u s ly ,  5 .2  x BMR com pared  to 4 .9  x BMR.
T he  same com parison  of b u i ld in g  w o rk e rs  a n d  r e t i r e d  men show ed , 
a s  e x p e c te d ,  d i f fe re n c e  in  th e  e n e rg y  cos t of w ork  a c t iv i t ie s ,  2 .6  x 
BMR co m p ared  to  1 .9  x BMR. It also show ed th a t  th e  re la x a t io n  
a c t iv i t ie s  o f  th e  o ld e r  men h ad  a g r e a t e r  e n e rg y  c o s t ,  2 .1  x  BMR, th a n  
th o s e  o f  th e  y o u n g e r  g ro u p  (1 .8  x BMR). C om pared to  th e  s e d e n ta r y  
w o r k e r s ,  th e  r e t i r e d  men w ere more ac tive  in  b o th  t h e i r  v e r y  s h o r t  
(3 .2  h / d a y )  w ork  tim e, (1 .9  x  BMR), an d  in  th e i r  re la x a t io n  time (2 .1  
x  BM R), e x c e e d in g  th e  "UNU" s ta n d a r d  of 1.7 x BMR fo r  l ig h t  w o rk .  
T he  e n e r g y  cos t of t h e i r  w alk ing , 4.5 x BMR, was in  th e  middle o f  th e  
r a n g e  fo r  all th e  y o u n g e r  g ro u p s .  It also e x ce ed ed  th e  metabolic 
c o n s ta n t  fo r  w alking at normal pace  (3 .2  x BMR) deve loped  in  th e  
FAO/W HO/UNU, (1985) r e p o r t .
T he "UNU" TEE fac to rs  of b o th  g ro u p s  ex ce ed ed  th e  TER fa c to rs  
g iv e n  in  th e  exam ples in  Table  7.8 as d id  th e i r  o b s e rv e d  p e rc e n ta g e  of 
TEE a n d  p e r c e n ta g e  of th e  f rac t io n a l  p o r t io n  s p e n t  in  occupa tiona l 
a c t iv i t i e s .
A leve l of e n e rg y  e x p e n d i tu r e  of 500-3500 k c a l /w eek  assoc ia ted
w ith  d e c r e a s e d  m orta li ty  was com pared  to  f in d in g s  for y o u n g e r  men in
T able  7 .9 .  T he  r a n g e  of e n e rg y  e x p e n d e d  in  w alk ing  b y  th e  fa rm ers  
was 1737-3178 k c a l /w e e k .  T h re e  of th e  r e t i r e d  men s p e n t  be tw een  3500 
a n d  5000 k c a l /w e e k  an d  7 s p e n t  be tw een  1500-3500 k c a l /w e e k .  Walking 
fell in to  th e  c a te g o ry  of m odera te  w ork (5 -7 .4  k ca l /m in u te )  on ly  fo r  th e  
f a r m e r s .
Women. I t  was show n th a t  th e  TEE of th e  r e t i r e d  women who lived
alone was s ig n if ic a n t ly  lower th a n  th a t  of th e  housew ives  ag ed  50-65 
y e a r s .  I t  was similar to  a g ro u p  of s l ig h t ly  y o u n g e r  housew ives
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s tu d ie d  b y  D u rn in ,  e t  al (1957). No g ro u p s  o f  o ld e r  women who h a d  
an  o c cu p a t io n  as  ac t iv e  as  th a t  o f  th e  o ld e r  fa rm e rs  w ere  s tu d ie d .  I f  
th e  r e t i r e d  women h a d  p r e v io u s ly  b e e n  in  o ccu p a tio n s  similar to  th e  
sew ing  m achine f a c to ry  w o r k e r s ,  an d  th e y  w ere  in d e e d  r e t i r e d  th r e a d  
f a c to ry  w o r k e r s ,  th e  d if fe re n c e  o f  270 k c a l /d a y  (14%) b e tw ee n  th e i r  
e n e r g y  e x p e n d i tu r e  m ight h av e  b e e n  c a u s e d  b y  r e t i r e m e n t .  H ow ever,  i t  
may n e v e r  h a v e  b e e n  as g r e a t  as  th e  y o u n g e r  g ro u p  b e c a u s e ,  l iv in g  b y  
th e m s e lv e s ,  th e y  may h av e  h a d  few er dom estic re sp o n s ib i l i t ie s .
T he  c o -e f f ic ie n ts  o f  v a r ia t io n  o f  e n e r g y  e x p e n d i tu r e  in  k ilocalories  
p e r  d a y  w ere  th e  same in  o lde r  an d  y o u n g e r  h o u sew iv es ,  b u t  th a t  of 
th e  o ld e r  women becam e g r e a t e r  w hen e x p r e s s e d  as th e  two TEE 
f a c to r s .  I t  is  p o ss ib le  th a t  two ty p e s  o f  a c t iv i t y  p a t te rn  w ere 
e m erg in g  in  th i s  age  g ro u p  -  a p a t t e r n  of in c re a s e d  a c t iv i ty  a f te r  a 
s e d e n ta r y  o ccu p a tio n  a n d  a p a t t e r n  of c o n t in u in g  s e d e n ta ry  b e h a v io u r  
in to  r e t i r e m e n t .  T he a v e ra g e  time s p e n t  b y  five r e t i r e d  C anadian  
women in  t h e i r  middle s ix t ie s  in  occupa tiona l  p lu s  n o n -o ccu p a tio n a l  w ork 
was 5 .4  h o u r s  p e r  d a y ,  w hich was almost ex a c t ly  th e  same (5 .5  
h r s / d a y )  as  th a t  of th e  th e s i s  g ro u p  of r e t i r e d  women (housew ives  -  
7 th  d e c a d e ) .  S idney  an d  S h e p h a rd  (1977), who s tu d ie d  th is  g ro u p  of 
women, fo u n d  i t  i n t e r e s t i n g  th a t  th e y  s p e n t  65 m inu tes  more p e r  day  in  
ac t iv e  t a s k s  th a n  a g ro u p  of women of th e  same age who w ere employed 
in  s e d e n ta r y  o c c u p a t io n s .  It is  likely  th a t  a t le a s t  some women (an d  
some men) may in c re a s e  th e i r  TEE on re t i re m e n t  from s e d e n ta r y  
em ploym ent.  T h is  v a r ia t io n  in  e n e rg y  e x p e n d i tu r e  was g r e a t e r  fo r  th e  
r e t i r e d  women (CV 13%) th a n  fo r  th e  r e t i r e d  men (CV 10.8%), who w ere 
o ld e r  th a n  th e  women, an d  e v e n  le ss  fo r  th e  small g ro u p  of old fa rm ers  
(CV 7.7%) (T a b le s ,  7 .2  an d  7 .1 2 ) .
S imilarly to  th e  men, th e  F leisch  an d  "UNU" BMRs w ere more alike 
in  th e  o ld e r  th a n  in  th e  y o u n g e r  housew ives  a n d ,  th e r e f o r e ,  th e  
r e s u l t in g  TEE fa c to rs  w ere  also more a like . (T ab les  7 .13 , 14 an d  15). 
T he  d i f fe re n c e  b e tw ee n  th e  o lde r  an d  y o u n g e r  housew ives  was 
d e c r e a s e d  w hen th e  TEE was e x p r e s s e d  as th e  "UNU" TEE fa c to r  r a t h e r  
th a n  th e  F le isch  TEE fa c to r .
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T h e  e n e r g y  cos t  o f  th e  w ork  of th e  o ld e r  housew ives  was lower 
t h a n  th a t  o f  th e  y o u n g e r  g ro u p ,  2 .4  x  BMR com pared  to  2 .8  x  BMR 
b e c a u s e  th e y  s p e n t  no time in  m odera te  a c t iv i ty .  At 5 .5  h o u r s  th e  
w o rk in g  h o u r s  o f  th e  o ld e r  women w ere  s h o r t e r  th a n  an y  g r o u p ,  e x c e p t  
r e t i r e d  men (T ab le  7 .6 ) ,  b u t  th e  e n e r g y  cos t  e x ce ed ed  th e  "UNU” 
s t a n d a r d  fo r  m odera te  w ork  o f  2 .2  x BMR. The e n e rg y  cos t of th e i r  
a c t iv i ty  was s l ig h t ly  g r e a t e r  th a n  th a t  o f  th e  y o u n g e r  housew ives  in  
t h e i r  re la x a t io n  tim e.
T h e  e n e r g y  cos t  of w alk ing  (3 .7  x  BMR) was a l i t t le  above  th e  
f ig u re  o f  3 .4  x BMR p r e s e n te d  in  th e  FAO/WHO/UNU (1985) r e p o r t  as 
th e  m etabolic c o n s ta n t  fo r  w alking a t  norm al p ace .
T h e  "UNU" TEE fa c to r  o f  1.61 x  BMR ex c e e d e d  th e  TER fa c to r  of 
1 .52 x  BMR g iven  in  th e  example in  Tab le  7.16 as  th a t  of a housew ife  
in  an  a f f lu e n t  so c ie ty .  B oth  th e  p e r c e n ta g e  of th e  f rac t io n a l  p o r t io n  
s p e n t  in  occupa tiona l  a c t iv i ty  an d  th e  o b s e rv e d  p e r c e n ta g e  of TEE w ere 
g r e a t e r  th a n  th o se  of th e  exam ple.
B ecau se  of i t s  b r e v i t y ,  th is  sec tion  is  no t sum m arised . 
C onc lusions  h av e  b e e n  d raw n  w ith in  th e  sec tio n .
7 .5 .2  E n e rg y  in ta k e  an d  r e q u i r e m e n t s .
M en. T he  mean in ta k e  o f  th e  fa rm e rs  a n d  of th e  r e t i r e d  men was 
show n to  be  s ig n if ican t ly  lower th a n  th e  com parable  g ro u p s  of y o u n g e r  
m en. T he  d ro p  in  in ta k e  b e tw een  th e  two g ro u p s  o f  fa rm e rs  was 
s l ig h t ly  g r e a t e r  th a n  th e  d ro p  in  e x p e n d i tu r e .  It was 300 k c a l /d a y  
g r e a t e r  th a n  th e  d ro p  in  e x p e n d i tu r e  be tw een  th e  b u i ld in g  w o rk e rs  an d  
r e t i r e d  men b e c a u se  th e  in ta k e  of th e  r e t i r e d  men a p p e a re d  to be  300 
k c a l /d a y  le s s  th a n  th e i r  e x p e n d i tu r e .  T h e re fo re ,  th e  in ta k e  of th e  
r e t i r e d  men d id  n o t re f le c t  th e i r  e x p e n d i tu r e ,  n o r  d id  th a t  o f  th e  
f a rm e r s .  In  common with th e  y o u n g e r  fa rm e rs  i t  was 300 k c a l /d a y  le ss  
th a n  e x p e n d i tu r e .  The d if fe re n ce  in  in ta k e  be tw een  th e  n o n - s e d e n ta r y  
g ro u p  of  fa rm e rs  an d  th e  com para tive ly  s e d e n ta r y  r e t i r e d  men w as , 
h o w e v e r ,  as  g r e a t  as th e  d if fe re n ce  in  e x p e n d i tu r e  (700 k c a l /d a y ) .
For th e  50-65 age g ro u p  i t  was show n th a t  occupa tion  was a b e t t e r  
in d ic a to r  o f  in ta k e  in  h e a l th y  men th a n  ag e .  A lthough  th e  n u m b e rs  a re
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sm all, t h e s e  s tu d ie s ,  to g e th e r  w ith th o se  o f  fo u r  Swiss fa rm e rs
(D u r n in ,  e t  a l . ,  u n p u b l i s h e d ) ,  in d ic a te s  th i s  ho ld s  t r u e  b e y o n d  65
y e a r s .  As d is c u s s e d  in  th e  H is to rica l  R eview , th e  conc lu sions  o f
E x to n -S m ith  (1982) an d  D e b ry ,  e t  a l . ,  (1977) le n d  s u p p o r t  to  th is
o p in io n ,  while th o s e  o f  E lahi, e t  a l . , (1983) a p p e a re d  to  c o n t ra d ic t  i t .
C om pared  to  th e  f in d in g s  of th e  s tu d ie s  l i s te d  in  T ab les  7 .19 ,
7 .2 0 (a )  a n d  7 .2 0 (b )  of s e d e n ta r y  men in  th e  same age  g ro u p ,  th e
r e t i r e d  men w ere  a t th e  lower e n d  of th e  scale  of in t a k e .  T h is  r a n g e d
from 2000 k c a l /d a y  ( B r a n s b y ,  1953) t h r o u g h  app rox im ate ly  2300
k c a l /d a y  (D HSS, 1972; B ingham , e t  a l . ,  1981) to  2400 k c a l /d a y  (E lahi, 
e t  a l . , 1983; Lyons a n d  T ru ls o n ,  1955). The in ta k e  of th e  fa rm ers
(2700 k c a l /d a y )  ex c e e d e d  th a t  o f  all th e  o ld e r  g ro u p s .
T he  coeff ic ien t of v a r ia t io n  of mean e n e r g y  in ta k e  (T ab le  7 .21) of 
th e  r e t i r e d  men was in  th e  same ra n g e  as th e  com parable  y o u n g e r  g ro u p  
fo r  k iloca lo r ies  p e r  d a y , b u t  was n o t  as  g r e a t  w hen in ta k e  was
e x p r e s s e d  as  BMR fa c to r s .  The v a r ia t io n  in  in ta k e  was no t as  g r e a t  as
in  th e  y o u n g e r  g ro u p .  T he  o ld e r  fa rm e rs  h ad  ab o u t th e  same v a r ia t io n  
in  in ta k e  as  th e  y o u n g e r  g r o u p , b u t  th e  n u m b e rs  w ere rea l ly  too small 
fo r  com parison .
T he  d if fe re n c e  be tw een  th e  o lde r  an d  y o u n g e r  g ro u p s  was
m ain ta ined  w hen  th e  "UNU" TEI fa c to rs  w ere com pared . The fac to r  fo r  
th e  b u i ld in g  w o rk e rs  was 1.76 x BMR an d  fo r  th e  r e t i r e d  men was 1.43
x  BMR a n d  th a t  of th e  y o u n g e r  fa rm e rs  1.99 x BMR a n d  for o ld e r
fa rm e rs  1.73 x  BMR (T ab le  7 .4 ) .
T he  r a t e  of decline  of e n e rg y  in ta k e  with age was d is c u s s e d  in  th e  
H is to r ica l Review a n d  an  a p p a re n t  m idd le -aged  p la teau  of e n e r g y  in ta k e  
was n o te d .  T h e re  is  ev idence  from th e  s tu d ie s  c i te d ,  th a t  a no ticeab le  
d ro p  in  th e  e n e r g y  in ta k e  o f  s e d e n ta ry  people  does no t ta k e  p lace  u n t i l
b e tw ee n  75 a n d  80 y e a r s .  The th e s i s  s tu d ie s  in d ica te  th a t  th e r e  is a
d ro p  a t  an  e a r l ie r  age  u n d e r  two c i rc u m s ta n c e s .  F i r s t ly ,  on re t i r e m e n t  
from n o n - s e d e n ta r y  occupa tions  an d  s e c o n d ly , w hen m odera te ly  h eav y  
o ccu p a t io n s  a re  c o n t in u ed  b ey o n d  65 y e a r s .
It was also n o te d  th a t  s tu d ie s  of random  sam ples ,  e spec ia lly  in  th e  
o v e r  65 age  g r o u p s ,  te n d e d  to f ind  lower in ta k e s .  People who m aintain
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an  a c t iv e  way of  life also m ain tain  t h e i r  e n e rg y  a n d  n u t r i e n t  in t a k e s .  
T h e re  a p p e a r  to  be  no s tu d ie s  which focus on th e  d ie ta ry  in ta k e  o f  men 
who h a v e  r e t i r e d  from n o n - s e d e n ta r y  o c c u p a t io n s .  T h ese  men might be  
e x p e c te d  to  r e d u c e  th e i r  to ta l  e n e rg y  e x p e n d i tu r e  a n d ,  p e r h a p s  as  a 
c o n s e q u e n c e ,  to  a d ju s t  th e i r  e n e rg y  in ta k e  slowly to  a lower leve l.  
Gillum a n d  M organ (1955) r e c o rd e d  a d ro p  of 300 k c a l /d a y  a t age  65 
a n d  u n d e r  100 k c a l /d a y  a t age  75-59. In  th e  small mixed occupa tiona l 
g r o u p s  s tu d ie d  b y  B ingham , e t a l . ,  (1981) th e  mean e n e rg y  in ta k e  was 
th e  same fo r  th e  40-59 age g ro u p  as fo r  th e  60-79 g ro u p .  Declines in  
in ta k e  of 12 p e r c e n t ,  9 p e r c e n t ,  7 p e r c e n t  an d  0 p e rc e n t  w ere  n o ted  
fo r  some s tu d ie s  in  th e  H istorical Review.
T he  q u e s t io n  o f  w h e th e r  th e  ac tua l  in ta k e  could  be c o n s id e re d  to 
be  th e  e n e r g y  r e q u ire m e n t  h a s  to be a d d r e s s e d  for th e se  two g ro u p s .  
Of th e  r e t i r e d  men, fo u r  h ad  BMIs in  th e  d es irab le  r a n g e ,  fo u r  w ere 
o v e rw e ig h t  an d  one was o b ese ,  y e t  th e  e n e rg y  e x p e n d i tu r e  of each  man 
e x c e e d e d  h is  e n e r g y  in ta k e .  Two of th e  fa rm ers  w ere in  th e  d es irab le  
r a n g e  a n d  th r e e  w ere o v e rw e ig h t ,  y e t  in  only  one o v erw e ig h t s u b je c t ,  
was in ta k e  in  e x c e ss  of e x p e n d i tu r e .  The norm ative  e n e rg y  
r e q u i r e m e n ts  (T ab le  7 .22) w ere n e a r ly  id en tica l  to the  ac tu a l  in ta k e  of 
th e  f a rm e r s ,  an d  g r e a t e r  th a n  th a t  of th e  r e t i r e d  men b y  93 k c a l /d a y .  
R e s to ra t io n  o f  e n e r g y  ba lance  at a more d es irab le  mean level of w eight 
would n o t  be  e f fe c te d  b y  th e  es tim ates  for th e  fa rm e rs .  An e n e rg y  
r e q u i re m e n t  at d e s ira b le  w eight o f  1.78 x BMR would be  more 
a p p r o p r ia t e .  In t h e o r y ,  th e  no rm ative  e n e rg y  r e q u ire m e n t  would 
in c re a s e  th e  w eigh t o f  th e  r e t i r e d  men. T h e ir  re c o rd e d  in ta k e  may, 
h o w e v e r ,  h a v e  b e e n  an u n d e re s t im a te  of h a b i tu a l  in ta k e  o r  th e y  may 
h av e  b e e n  e n t e r in g  a p e r io d  of low ered  in ta k e  an d  c o n se q u e n t  
n u t r i t io n a l  in a d e q u a c y .  The norm ative  level of 1.66 x BMR might th e n
be  most a p p ro p r ia te  fo r  th e  g ro u p .
F o u r  o f  five men l i s te d  in  Table 7.23 as h a v in g  in ta k e s  u n d e r  2000 
k c a l /d a y  w ere  from th e  r e t i r e d  g ro u p .  The in ta k e s  of two of th e se  
w ere  below th e  "UNU” c u t -o f f  po in t of 1.2 x BMR (1.18  x  BMR an d
1.05 x  BMR). T he  c o r re s p o n d in g  BMIs were 27.4 and  30 .3 .  Both  th e  
in ta k e  a n d  e x p e n d i tu r e  of th e  l a t t e r  su b jec t  w ere low (1740 an d  1750
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k c a l / d a y ) ,  b u t  th e  e x p e n d i tu r e  o f  th e  fo rm er was 3070 k c a l /d a y  
s u g g e s t in g  t h a t  a n  a t tem p t a t  slimming was b e in g  m ade, o r  he  was ju s t  
too b u s y  to  e a t  on  t h a t  p a r t i c u la r  w eek , o r  he  w an ted  to  p le a se  th e  
d i e t i t i a n .
Women. T he  mean e n e r g y  in ta k e  of th e  o v e r  65 y e a r s  women was 
n o t  show n  to  be  s ig n if ic a n t ly  lower th a n  th a t  o f  th e  y o u n g e r  housew ives  
in  c o n t r a s t  to  t h e i r  e n e r g y  e x p e n d i tu r e .  A lso, com pared  to th e
y o u n g e r  g r o u p s ,  in ta k e  r e f le c te d  e x p e n d i tu r e  more c lose ly . I t  w as,  
h o w e v e r ,  200 k c a l /d a y  lower th a n  th a t  o f  a g ro u p  s tu d ie d  b y  D u rn in ,  
e t  a l . ,  (1957).
T h e  in ta k e  of com para tive ly  s e d e n ta r y  g ro u p s  of abou t th e  same 
age  in  th e  U nited  Kingdom an d  th e  USA te n d e d  to be s l ig h t ly  low er,  
ab o u t  1800 k c a l /d a y ,  e x c e p t  fo r  th a t  of E x to n -S m ith ,  e t  a l . ,  (1965). 
An e v e n  low er in ta k e  (1500 k c a l /d a y )  was found  b y  B ingham , e t  a l . ,  in  
1981. T he  in ta k e  of th e  r e t i r e d  women was v e r y  similar to th a t  of th e  
r e t i r e d  men.
T he  co e ff ic ien ts  of v a r ia t io n  of th e  e n e rg y  in ta k e  d if fe re d
p r in c ip a l ly  w hen  e x p r e s s e d  as k ilocalories  p e r  day  (CV 20% and  CV 
17%). T h e y  w ere s l ig h t ly  re d u c e d  for th e  o lde r  and  y o u n g e r  g ro u p  
w hen  in ta k e  was e x p r e s s e d  as th e  "UNU" TEI fac to r  (T ab le  7 .2 6 ) .  The 
"UNU" TEE fa c to r  fo r  th e  h o u sew iv es ,  7 th  decade  was 1.56 x BMR and  
fo r  th e  y o u n g e r  women 1.47 x BMR.
T h e  e f fe c t  o f  ag in g  on th e  e n e rg y  in ta k e  of women was d is c u s s e d
in  th e  H is to r ica l R eview . It was n o ted  th a t  th e r e  a p p e a re d  to be  a
d if fe re n c e  b e tw ee n  men an d  women. For men, th e r e  was a decline on 
r e t i r e m e n t ,  u n le s s  th e y  w ere s e d e n ta r y ,  in  which c a se ,  th e  p la te a u  of 
in ta k e  w ould  co n t in u e  u n t i l  75-80 y e a r s .  The in ta k e  of women te n d e d  
to  rem ain  fa ir ly  s ta b le  u n t i l  abou t 75 an d  th e n  decline slowly.
T he  p e r c e n ta g e  decline  in  in ta k e  a f te r  75 y e a r s  fo r  women h as  
b e e n  v a r io u s ly  r e p o r t e d  to  be 7 p e r c e n t ,  9 p e r c e n t  an d  23 p e r c e n t .
G a r r y ,  e t  a l . ,  (1982) found  th a t  a s ig n if ican t  n e g a t iv e  co r re la t io n  
b e tw ee n  age  an d  e n e r g y  in ta k e  e x is te d  for men, b u t  no t fo r  women. 
T he  c o r re la t io n  fo r  th e  th e s i s  su b je c ts  w ere r -0 .4 6  fo r  men an d  no
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n e g a t iv e  c o r re la t io n  fo r  women. T he f in d in g s  fo r  men r e s u l t e d  in  p a r t  
from th e  s u r p r i s in g ly  low in ta k e  of th e  r e t i r e d  men.
I t was show n th a t  e ig h t  of th e  s e v e n te e n  housew ives  w ere  in  th e  
d e s i r a b le  BMI r a n g e ,  one was below, an d  th e  rem a in d e r  e x ce ed ed  i t .  
T h e  n o rm a tiv e  leve l o f  e n e rg y  re q u ire m e n t  a t d e s ira b le  w eigh t (T ab le  
7 .27 )  was le ss  th a n  ac tu a l  in ta k e  b y  120 k c a l /d a y .  B ecause  th e  ac tua l  
w e igh t  o f  th e  g ro u p  d iv e rg e d  le ss  th a n  th a t  of th e  o th e r  g ro u p s  from 
th e  d e s i r a b le  w e ig h t ,  an  e n e rg y  re q u ire m e n t  a t th e  m odera te  level of
1.64 x BMR would be  a p p ro p r ia te .
Two women h ad  e n e r g y  in ta k e s  below th e  "U N U "-su g g es te d  c u t -o f f  
p o in t  o f  1 .2  x BMR. Only one of th e se  h ad  a BMI below th e  d es irab le  
r a n g e  (1 7 .6 3 ) .  H er in ta k e  level of 1120 k c a l /d a y  com pared  to an  
e x p e n d i tu r e  of 1580 k c a l /d a y  may well have  b een  an  h a b i tu a l ly  
in a d e q u a te  in t a k e .
B eca u se  of i t s  b r e v i t y ,  th is  sec tion  h as  not b een  sum m arised . 
C ons lu s ions  h av e  b e e n  d raw n  w ith in  th e  sec tion .
7 .5 .3  N u tr ie n t  in ta k e  an d  r e q u i r e m e n t s .
P ro te in .  In  common with th e  50-65 age g r o u p s ,  th e  p ro te in  in ta k e  
dec l ined  as e n e r g y  in ta k e  dec lined  and  th a t  of th e  r e t i r e d  men was 
show n to  be  s ig n if ic an t ly  lower th a n  th a t  of th e  b u i ld in g  w o rk e rs .  As 
a p e r c e n ta g e  of e n e r g y  in ta k e  i t  was not s ig n if ican tly  d i f fe re n t  from th e  
y o u n g e r  g ro u p s  an d  i t  fell w ith in  th e  ra n g e  of 11-14 p e rc e n t  fo u n d  in  
all th e  s tu d ie s  c i te d .
Com parison  of in ta k e  to th e  FAO/WHO/UNU (1985) r e p o r t  defin ition  
o f  a  sa fe  leve l of 0 .7 5 g /k g /d a y  rev ea led  th a t  a l th o u g h  th e  mean p ro te in  
in ta k e  o f  th e  g ro u p  was 7 0 .3 g /d a y  o r  l g / k g / d a y ,  th e  a v e ra g e  
re q u i re m e n t  was 55.9  ± 7.6 g /d a y .  The safe  level w as, th e r e f o r e ,  71.1 
g / d a y ,  w hich was on ly  s l ig h t ly  g r e a t e r  th a n  ac tua l  in ta k e .  T h re e  men 
h a d  in ta k e s  be tw een  0.8 an d  1 g / k g / d a y .
T he  s i tu a t io n  was similar with th e  g ro u p  of housew ives  whose mean 
in ta k e  o f  61.4 g /d a y  did  no t q u ite  achieve th e  safe  level of 63.2 g /d a y .  
T h re e  women d id  no t ob ta in  0.75 g / k g / d a y ,  two whose e n e rg y  in ta k e s  
w ere  2030 k c a l /d a y  and  2110 k c a l /d a y  and  one whose in ta k e  was 1120
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k c a l / d a y . T he  p r o te in  in ta k e  o f  th e  l a t t e r  su b je c t  was almost c e r ta in ly  
i n a d e q u a t e .
T he  m ean in ta k e s  o f  th e  two g ro u p s  e x c e e d e d  th e  USA 
R ecom m ended D ie ta ry  Allowance (1980) o f  56 g /d a y  fo r  men an d  49 
g / d a y  fo r  women.
F a t .  T he  fa t  in ta k e  of th e  r e t i r e d  men was shown to b e  lower 
th a n  t h a t  o f  an y  o th e r  g ro u p  in  b o th  to ta l  in ta k e  an d  p e r c e n ta g e  o f  
e n e r g y  in t a k e .  As a p e r c e n ta g e ,  i t  was a t  th e  lower en d  o f  th e  r a n g e  
fo u n d  in  th e  s tu d ie s  c i ted  an d  co n s id e ra b ly  le ss  th a n  th e  42 p e r c e n t  
fo u n d  in  th e  DHSS (1972) s tu d y  an d  th a t  o f  Macleod, e t a l . , (1974). It 
was also m uch le ss  th a n  th e  c o n t r ib u t io n  of fa t  to th e  e n e rg y  in ta k e  o f  
th e  r e t i r e d  women (40%).
T he  t h r e e  U .K . s tu d ie s  of women o v e r  65 y e a r s  r e p o r te d  in  1972, 
1974 a n d  1975 in d ica te  th a t  th e  p ro p o r t io n  of e n e rg y  in ta k e  from fa t 
may h a v e  r i s e n  s l ig h t ly  s ince th e  th e s is  s tu d y  of women in  th e  same age 
g ro u p .  In  all th r e e  g ro u p s ,  th e  mean e n e rg y  in ta k e  was 1800 k c a l /d a y  
w ith  43, 44 a n d  45 p e r c e n t  c o n t r ib u te d  b y  f a t .  The th e s is  g ro u p  in ta k e  
was 1900 k c a l /d a y  of which 40 p e rc e n t  was c o n t r ib u te d  b y  f a t .
Calcium . The in ta k e  of ca lc iu m /1000 kcal of b o th  g ro u p s  of o lde r  
men was show n to ex ce ed  th e  y o u n g e r  com parable  g ro u p s  an d  th e  mean 
in ta k e  o f  th e  g ro u p s  ex ceeded  th e  s ta n d a r d s  of 800 and  500 m g /d a y  
p re v io u s ly  d i s c u s s e d .  Five of th e  r e t i r e d  men h ad  in ta k e s  below 800 
m g /d a y ,  t h r e e  of w hich w ere a ssoc ia ted  with e n e rg y  in ta k e s  of u n d e r  
2000 k c a l /d a y .
T he  mean calcium in ta k e  of th e  o lde r  housew ives  was found  to 
ex ce ed  th a t  of th e  y o u n g e r  g ro u p  a n d  was th e  same in  re la t io n  to 
e n e r g y  in t a k e .  Two th i r d s  of th e  y o u n g e r  women an d  h a lf  of th e  o lde r  
women h a d  in ta k e s  be tw een  500 and  800 m g /d a y .  Only two o f  th e se  low 
in ta k e s  w ere  a s so c ia ted  with e n e rg y  in ta k e s  of le ss  th a n  1600 k c a l /d a y .  
I t  a p p e a re d  from th e  th e s is  f in d in g s  th a t  a red u c t io n  in  calcium in ta k e  
o c c u r r e d  to g e th e r  w ith a red u c t io n  in  e n e rg y  in ta k e  in  th e  o lde r  g ro u p  
of m en. T h e re  was no o th e r  ev idence  of th is  from th e  s tu d ie s  
re v ie w e d .  T h e re  was a s l ig h t  ind ica tion  th a t  th e  mean calcium in ta k e  o f  
g ro u p s  o f  women o f o v e r  70 y e a r s  dec lined .
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I r o n . T he  mean in ta k e s  o f  iro n  o f  b o th  g ro u p s  of o ld e r  men w ere  
show n to  b e  below th o s e  o f  th e  com parab le  g r o u p s ,  b u t  w ere  in  e x c e ss  
o f  th e  12 mg s t a n d a r d ,  while in ta k e  e x p r e s s e d  as m g /1000 k ilogram s was 
v e r y  s im ilar .
In  th e  s tu d ie s  l i s te d  fo r  com parison , on ly  g ro u p s  ag ed  75 an d  o v e r  
h a d  in ta k e s  as  low as 10 a n d  11 m g /d a y .  One r e t i r e d  man h a d  an  
in ta k e  o f  9 m g /d a y  a n d  an  in ta k e  o f  1700 k c a l /d a y .
T he  in ta k e  o f  th e  h o u sew iv es ,  w hich ex c e e d e d  th e  10 m g /d a y
s t a n d a r d ,  was c o n s is te n t  w ith th e  l i s te d  s tu d ie s .  T h ese  in d ic a te d  th a t  
i ro n  in ta k e  also  te n d e d  to  d e c re a se  for women in  th e  75 an d  o v e r  age 
g r o u p .  T h re e  of th e  g ro u p  of fo u r  o ld e r  women h a d  in ta k e s  u n d e r  10 
m g /d a y  as  d id  fo u r  of th e  h o u sew iv es .  In one case  i t  was u n d e r  5 
m g /d a y .  T h u s ,  one man in  15 a n d  s ev en  women in  21 in  th e  65 an d  
o v e r  age  g ro u p  d id  no t meet th e  10 m g /d a y  s t a n d a r d .  T he  p e r c e n ta g e s  
o f  b o th  men a n d  women with in ta k e s  below 10 mg in c re a s e d  from th o se  
in  th e  50 to  65 age  g ro u p  (23% to  33% for women; 1% to 6% fo r m en).
S ta n to n  a n d  E x ton -S m ith  (1970), n o te d  th a t  th e  low iro n  in ta k e s  of 
some of t h e i r  70 y e a r s  an d  o v e r  female su b je c ts  w ere no t a sso c ia ted  
w ith  anaem ia . The DHSS (1972) s tu d y  show ed th a t  a l th o u g h  th e  mean 
i ro n  in ta k e  o f  450 women aged  65 a n d  o v e r  was 9 m g /d a y ,  th e
p re v a le n c e  o f  anaem ia was similar to th a t  fo u n d  in  y o u n g e r  sam ples .
B eca u se  o f  i t s  b r e v i ty  th is  sec tion  is  no t sum m arised . Conclusions 
h a v e  b e e n  d ra w n  w ith in  th e  sec tion .
7 .6  Composition o f  th e  d i e t . An exce llen t  rev iew  o f th e  c h a n g in g  
p a t t e r n s  in  B r i t i s h  food h a b i ts  s ince th e  Second World War was p r e s e n t ­
ed  b y  H o llingsw orth  (1961). Her a n a ly s is  was v e r y  r e le v a n t  to  o u r  
s u b je c t s  w hose food h a b i ts  w ere g re a t ly  in f lu e n c e d  b y  h a r d  times from 
th e i r  y o u th  d u r in g  World War I ,  t h r o u g h  th e  D ep ress io n  of th e  1930s, 
a n d  th e  r a t io n in g  o f  th e  w ar y e a r s .  D u r in g  th e  1930’s an d  1940’s th e y  
w ere  b e tw ee n  20 an d  35 y e a r s  of age an d  most w ere  b r in g in g  u p  fam­
ilies  in  f r u g a l  c i rc u m s ta n c e s .
T he  n a t io n a l  d ie t  in  1960 was of g r e a t e r  n u tr i t io n a l  va lue  th a n  
b e fo re  th e  w ar  an d  th e  w ell-ba lanced  d ie t e n fo rced  b y  r a t io n in g  a p ­
p e a r e d  to  h a v e  h a d  a la s t in g  e ffec t  on th e  food in ta k e  of b o th  men an d
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food fo r  o th e r  family m em bers . T h is  fa c to r  would be  im possib le  to  
iso la te  s in ce  i t  is  com plicated b y  economic an d  p sy ch o so c ia l  f a c to r s .  
Exam ples o f  th e s e  would in c lu d e  women’s re lu c ta n c e  to  cook a n d  ea t  fo r  
th e m se lv e s  alone a n d  men’s lack  of e x p e r ie n c e  in  th e  k i tc h e n .
A s tu d y  b y  T o d h u n te r ,  House an d  V an d e r  Zwagg (1974) of 
f r e e l iv in g  men an d  women of o v e r  60 y e a r s  found  th a t  th o se  who lived  
alone a n d  th o se  who lived  with o th e r s  d id  no t d if fe r  in  d ie ta ry  
a d e q u a c y .  Le B ov it t  (1965) found  th a t  52 p e rc e n t  of men l iv in g  on 
th e i r  own h a d  good d ie ts  and  35 p e r c e n t  h ad  poo r  d ie ts ,  com pared  to 
h u s b a n d /w i f e  coup les  (48 p e r c e n t  an d  24 p e r c e n t )  an d  women on th e i r  
own (46 p e r c e n t  a n d  24 p e r c e n t ) . She also fo u n d  th a t  w hen th e  
hom em aker was o v e r  75 y e a r s  th e  q u a l i ty  o f  th e  d ie t dec lined .
In  a rev iew  of food h a b i ts  of th e  e ld e r ly ,  B eeuw kes (1960) drew  at 
a t te n t io n  to food choice b a se d  on d en ta l  h ea l th  w hich may, a l th o u g h  by  
no m eans in e v i ta b ly ,  lead to d iff icu lties  in  m ast ica t in g .  The decline in  
th e  s e n s e s  of t a s t e  an d  smell in  a d v an c ed  age was not app licab le  to o u r  
s u b je c t s ,  b u t  many h ad  false  t e e th .  It may be th a t  th e  red u c t io n  in  
food in ta k e  an d  w eigh t in  people  o v e r  75 y e a r s  who a re  no t o the rw ise  
d is a b le d ,  is  d u e  to lack  of in t e r e s t  in  food b ro u g h t  abou t b y  s e n s o ry  
c h a n g e s .
J o r d a n  (1954) found  th a t  medical and  social fac to rs  w ere g iven  
more f r e q u e n t ly  th a n  economic re a so n s  for c h a n g e s  in  ea t in g  h a b i t s .  
T h is  was fo u n d  also in  th e  DHSS (1972) s tu d y  w here  no ev idence  was 
fo u n d  th a t  th e  abnorm al v a lues  in  v a r io u s  biochemical an d  o th e r  t e s t s  
w ere  more p r e v a le n t  in  th o se  who s p e n t  le ss  th a n  in  those  who s p e n t  
more on  food . "T he  q u a l i ty  of th e  d ie t  d e p e n d s  on jud ic ious  an d  i n ­
fo rm ed  b u y in g  an d  p e r h a p s  an in t e r e s t  in  food” ( C a th c a r t ,  1931).
G a r r y ,  e t  a l . , (1955) found  th a t  th e  m iners  s tu d ie d  b y  them o b ­
ta in e d  th e  add i tiona l e n e rg y  n eed ed  fo r  th e i r  h a r d e r  p h y s ica l  w ork b y  
e a t in g  more o f  e v e r y  ty p e  of food in  th e  d i e t . F if teen  y e a r s  la te r  i t  
was s t a t e d  in  th e  DHSS (1972) r e p o r t  th a t  ’’th e  foods th a t  old people  
ea t a re  m uch th e  same as th o se  ea ten  b y  o th e r  people . . . .  w hen 
allowance is  made fo r  th e  lower e n e rg y  e x p e n d i tu r e ” . T h u s , peop le
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w ith  low a n d  h ig h  e n e r g y  e x p e n d i tu r e s  a p p e a r  to  a l t e r  q u a n t i t i e s  o f  
in d iv id u a l  fo o d s ,  b u t  n o t  e s ta b l is h e d  food p a t t e r n s .
T he  sp e c u la t io n  made b y  H ollingsw orth  (1961) th a t  " th e  p a t t e r n  o f  
food h a b i t s  o f  th e  whole p o pu la tion  will in  th e  long  te rm  a p p ro a c h  more 
c lose ly  t h a t  o f  th e  r i c h e s t  g ro u p  w hich now h av e  a much g r e a t e r  
c o n su m p tio n  o f  l iq u id  milk, c h e e se ,  m eat,  f i s h ,  g r e e n  a n d  o th e r  
v e g e ta b le s  a n d  f ru i t "  h a s  b e e n  b o rn e  o u t .  B aines  in  1979 re m a rk e d  
th a t  th e  whole p a t t e r n  h ad  sh i f te d  " u p -m a rk e t"  in  r e g a r d  to 
con su m p tio n  o f  g r e a t e r  am ounts  o f  p ro te in  an d  f a t .  H ollingsw orth  also 
fe l t  t h a t  " n u t r i t io n a l  c o n s id e ra t io n s  a re  more l ike ly  to  p lay  th e i r  p a r t  
t h r o u g h  th e  ac t io n s  o f  food m a n u fa c tu re r s  an d  p e r h a p s  th e  G overnm ent 
th a n  t h r o u g h  d e l ib e ra te  c h a n g e s  made b y  consum ers  in  th e i r  e a t in g  
h a b i t s " .
R ecom m endations b y  v a r io u s  official bod ies  in  th e  U .K . an d  U .S .A .  
on d ie t a r y  fa t  in t a k e ,  in  p a r t i c u la r ,  w ere  d is c u s s e d  in  th e  H is to rical 
R ev iew . I t  is  g e n e ra l ly  a c c ep ted  th a t  a h ig h  in ta k e  of fa t  is  one o f  th e  
r i s k  f a c to r s  fo r  CHD. The in ta k e s  of th e  th e s i s  g ro u p s  w ere h ig h ,  
e sp ec ia lly  th e  in ta k e  of women, and  s tu d ie s  of 63 y o u n g  women ag ed  
b e tw een  17 an d  23, which w ere  made a t abou t th e  same time b y  th e  
same team of i n v e s t i g a t o r s , found  th a t  th e i r  in ta k e  o f  fa t  also 
c o n t r ib u te d  a b o u t  41 p e r c e n t  of e n e rg y  in ta k e .  In c o n t ra s t  th e  in ta k e  
o f  a g ro u p  o f  20 y o u n g  men was 36 p e r c e n t .
At a c o n fe re n c e  of th e  S co tt ish  C o ro n ary  H eart  D isease an d  
S c o t t ish  H ea r t  Health  S tu d y ,  i t  was n o ted  th a t  in  1985 Sco tland  h ad  th e  
seco n d  h ig h e s t  m orta li ty  r a te  from CHD for men aged  40-69, h as  h ad  
th e  h ig h e s t  female m orta li ty  fo r  most of th e  p a s t  tw e n ty  y e a r s ,  an d  th a t  
reg io n a l  v a r ia t io n  in  m orta li ty  a p p e a rs  to show an e a s t - to -w e s t  g r a d ie n t .  
I t is  i n t e r e s t i n g  th a t  s tu d ie s  done in  E d in b u rg h  an d  Glasgow of g ro u p s  
of men a n d  women of o v e r  65 y e a r s  show d if fe re n c e s  in  fa t  in ta k e .  The 
p e r c e n ta g e s  o f  to ta l  e n e r g y  c o n t r ib u te d  b y  fa t  in  th e  E d in b u rg h  s tu d ie s  
of L o n e rg a n ,  e t  a l . , (1975) was 38 p e r c e n t  fo r  men an d  42 p e rc e n t  fo r  
women, w h e re a s  in  th e  Glasgow s tu d ie s  of Macleod, e t a l . , (1974) i t  was 
42 p e r c e n t  fo r  th e  men an d  45 p e rc e n t  fo r  th e  women.
219
In  1910 in  B r i t a in ,  fa t  p ro v id e d  32 p e r c e n t  an d  c a rb o h y d ra te s  57 
p e r c e n t  o f  e n e r g y  in ta k e  (G reav es  an d  H ollingsw orth , 1966). In  1962 
th e  f ig u r e s  w ere  41 p e r c e n t  an d  47 p e r c e n t .  T he  fa c to rs  r e s p o n s ib le  
fo r  s u c h  a c h a n g e  could  no t h ave  b e e n  p r e d ic te d  in  1910. What 
com bination  of fa c to rs  will h av e  to  b e  p r e s e n t  to  r e t u r n  th e  composition 
of th e  d ie t  to  th e  " d e s i r a b le ” levels  of th e  e a r ly  p a r t  of th e  c e n tu r y  
a n d  p e r h a p s  c o n t r ib u te  to  a lower level o f  CHD.? When th e y  ad v o ca ted  
th e  b e t t e r  B r i t i s h  d ie t  in  1979, P assm ore ,  H ollingsw orth  an d  R o b e r tso n  
r e c o g n iz e d  th a t  th e  acc ep tan c e  an d  im plem entation of c h a n g e s ,  espec ia lly  
th o se  w hich  a t tem p t to r e v e r s e  t r e n d s  in  consum ption ,  may ta k e  a long  
tim e.
T he  fall in  th e  d e a th  r a t e s  of men from CHD in  C anada  an d  th e  
U nited  S ta te s  b e tw ee n  1958 an d  1976 h a s  b e e n  p a r t ia l ly  a t t r ib u t e d  to 
c h a n g e s  in  d ie ta r y  p a t t e r n s .  Since d ea th  r a te s  of women h av e  fallen in  
almost all c o u n t r ie s  s tu d ie d ,  a lbe it v e r y  slowly in  S co tland , i t  may be 
th a t  th e  c o n s ta n t  a t te m p ts  b y  women to  lose w eigh t h ave  s ig n if ican tly  
r e d u c e d  th e i r  ov e ra l l  fa t  in ta k e .  In th e  two N orth  American c o u n t r ie s ,  
i t  is  a t  le a s t  p o ss ib le  th a t  men a re  more likely  to  t r y  to  lose w eight 
a l s o , in  ad d i t io n  to a t tem p ts  at c o n tro l  of ch o les te ro l  in ta k e  and  th a t  





8 .1  I n t r o d u c t io n . T he conc lusions  o f  th e  r e s e a r c h  a re  p r e s e n te d  in  
t h r e e  c a te g o r ie s :
a )  in  te rm s  o f spec if ic  h y p o th e s e s ;
b )  in  te rm s  o f  r e s e a r c h  q u e s t io n s .  T h ese  q u e s t io n s  could  no t be  
a n s w e re d  fu lly  in  th e  form o f specif ic  h y p o th e s e s .  T h e y  a re  
a d d r e s s e d  b y  i n t e g r a t i n g  th e  r e s u l t s  of t e s t in g  th e  h y p o th e se s  
w ith  r e le v a n t  f in d in g s  from th e  l i t e r a t u r e  a n d  b y  a p p ly in g ,  w here  
a p p r o p r ia t e ,  some of th e  co n c e p ts  s u g g e s te d  b y  th e  
FAO/W HO/UNU, (1985) E x p e r t  C onsu lta tion  on E n e rg y  an d  P ro te in  
R e q u ire m e n ts ;
c )  as  th e  r e s u l t s  a n d  conclusions  of a rev iew  of th e  d a ta  in 
r e la t io n  to  some of th e  c o n ce p ts  deve loped  b y  th e  C onsu lta t io n .
8 .2  H y p o th e s is  A .
8 .2 .1  H y p o th es is  A l . The h y p o th e s i s ,  th a t  in  g ro u p s  of men an d  in  
g ro u p s  o f  women ag ed  50-65 y e a r s  th e r e  would be  sy stem atic  d if fe re n c e s  
b e tw ee n  o ccu p a tio n a l  g ro u p s  in :
a) e n e r g y  e x p e n d i tu r e ,  was s u s ta in e d  fo r  b o th  men an d  women;
b )  e n e r g y  in t a k e ,  was su s ta in e d  fo r  men b u t  no t fo r  women;
c) n u t r i e n t  in t a k e ,  was s u s ta in e d  fo r  men, b u t  no t fo r  women.
8 .2 .2  H y p o th es is  A 2 . T he  h y p o th e s i s ,  th a t  be tw een  g ro u p s  of men an d  
b e tw ee n  g ro u p s  of women aged  50 to  65 y e a r s  an d  com parable g ro u p s  
ag ed  o v e r  65 y e a r s  th e r e  would be sy stem atic  d i f fe re n c e s  in :
a)  e n e r g y  e x p e n d i tu r e ,  was s u s ta in e d  fo r  men an d  for women;
b )  e n e r g y  in t a k e ,  was s u s ta in e d  fo r  men b u t  no t fo r  women;
c)  n u t r i e n t  in t a k e ,  was s u s ta in e d  fo r  men b u t  no t fo r  women.
8 .3  H y p o th e s is  B.
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8 .3 .1  H y p o th e s is  B l . T he h y p o th e s is  th a t  in  g ro u p s  o f  men a n d  in  
g r o u p s  o f  women a g e d  50-65 y e a r s  th e r e  would be d e s c r ip t iv e  v a r ia t io n s  
b e tw e e n  o c cu p a t io n a l  g ro u p s  in :
a)  time a n d  a c t iv i ty  p a t t e r n s ,  was s u s ta in e d  fo r  men an d  women;
b )  e n e r g y  a n d  a c t iv i ty  p a t t e r n s ,  was s u s ta in e d  fo r  men an d  
women.
8 .3 .2  H y p o th e s is  B 2 . The h y p o th e s is  th a t  be tw een  g ro u p s  o f  men an d  
b e tw ee n  g ro u p s  o f  women ag ed  50-65 y e a r s  a n d  com parable  g ro u p s  ag ed  
o v e r  65 y e a r s ,  t h e r e  would be  d e s c r ip t iv e  v a r ia t io n s  in :
a)  time a n d  a c t iv i ty  p a t t e r n s ,  was s u s ta in e d  fo r  men an d  women;
b )  e n e r g y  a n d  a c t iv i ty  p a t t e r n s ,  was s u s ta in e d  fo r  men an d  
women.
8 .4  R e s e a rc h  q u e s t i o n s .
8 .4 .1  Q u es tio n  1 - a . Was th e r e  a d if fe ren ce  be tw een  th e  to ta l  daily  
e n e r g y  e x p e n d i tu r e  of g ro u p s  of men aged  50-65 who p e r fo rm e d  h a r d  
p h y s ic a l  la b o u r  d u r in g  th e i r  w ork h o u r s  an d  th o se  whose w ork  was 
mainly s e d e n ta ry ?  Did th is  d if fe r  from g ro u p s  o f  men ag ed  u n d e r  50 
y e a rs ?
C o n c lu s io n s . For g ro u p s  of men aged  50-65 y e a r s ,  th e re  was a d i f f e r ­
ence  o f  ap p ro x im a te ly  30 p e r c e n t  be tw een  th o se  o ccupa tions  in v o lv in g  
h a r d  la b o u r  a n d  th o se  which w ere com para tive ly  s e d e n ta r y .  This  
d i f fe re n c e  was found  be tw een  g ro u p s  of le ss  th a n  50 y e a r s  whose to ta l  
e n e r g y  e x p e n d i tu r e  was in  th e  same r a n g e .  A r a n g e  of 67 p e r c e n t  can  
be  fo u n d  b e tw ee n  v e r y  s e d e n ta ry  and  v e r y  ac tive  g ro u p s  of men aged  
50-65 y e a r s .  O ccupational g ro u p in g  was as good a p r e d ic to r  of e n e rg y  
e x p e n d i tu r e  in  g ro u p s  of men aged  be tw een  50 to 65 y e a r s  as in  
y o u n g e r  g r o u p s .  T h e re  was no g r e a t e r  v a r ia t io n  be tw een  mean e n e rg y  
e x p e n d i tu r e  of in d iv id u a l  men in  age g ro u p s  u n d e r  50 y e a r s  and  
b e tw ee n  50 a n d  65 y e a r s  who w ere in  similar occupa tiona l g r o u p s .  Use 
o f  "UNU" TEE fa c to rs  d id  not a l te r  th e  conclusion  fo r  g ro u p s  of men
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t h a t  t h e r e  w as th e  same occupa tiona l r a n g e  of d i f fe re n c e  in  th e  50-65 
age  g ro u p  a n d  th e  u n d e r  50 age  g ro u p  a n d  m ain ta ined  th e  
d i f f e r e n t ia t io n  b e tw e e n  th e  g ro u p s  o f  men.
8 .4 .2  Q u es t io n  1 - b . Was th e r e  a d if fe re n c e  in  e n e r g y  e x p e n d i tu r e  
b e tw e e n  g ro u p s  o f  women who w ere housew ives  an d  th o se  who also 
w o rk ed  o u ts id e  o f  th e  home? Did th i s  d i f fe r  from g ro u p s  of women 
a g e d  u n d e r  50 y e a r s ?
C o n c lu s io n s . F o r g ro u p s  of women ag ed  50-65 y e a r s ,  t h e r e  was a 
d i f f e re n c e  o f  ap p ro x im a te ly  20 p e r c e n t  be tw een  g ro u p s  who w orked  on ly  
in  th e  home a n d  th o se  w ith employment in  l ig h t  i n d u s t r y .  T h is  d i f f e r ­
ence  was fo u n d  b e tw ee n  similar g ro u p s  o f  le ss  th a n  50 y e a r s  w hose to ta l  
e n e r g y  e x p e n d i tu r e  was in  th e  same r a n g e .  A ra n g e  of 42 p e r c e n t  can  
be  fo u n d  b e tw ee n  fa ir ly  s e d e n ta r y  an d  v e r y  ac tive  g ro u p s  in d ic a t in g  
th a t  a g r e a t e r  r a n g e  is  p o ss ib le .  O ccupational g ro u p in g  was no t as 
good a p r e d i c to r  o f  to ta l  e n e rg y  e x p e n d i tu r e  for g ro u p s  of women ag ed  
50-65 y e a r s  as  i t  was fo r  men. T h e re  was some ind ica tion  from limited 
d a ta  t h a t  th i s  was also th e  case  for g ro u p s  o f  women of u n d e r  50 
y e a r s .  T h e re  w ere  few er d a ta  on in d iv id u a l  v a r ia t io n  in  e n e rg y  
e x p e n d i tu r e  fo r  women th a n  fo r  men, b u t  th e  t r e n d  a p p e a re d  to be  th e  
sam e. Use o f  th e  "UNU” TEE fac to rs  confirm ed th a t  for g ro u p s  of 
women t h e r e  was l i t t le  d if fe re n ce  in  TEE b u t  i t  d i f fe re n t ia te d  th e  TEE 
of two g r o u p s  of fa c to ry  w o rk ers  more c lea r ly  th a n  k ilocalories  p e r  d a y .
8 .4 .3  Q u es tio n  2 . Was any  d if fe ren ce  be tw een  g ro u p s  in  to ta l  e n e rg y  
e x p e n d i tu r e  almost wholly due  to  e n e rg y  e x p e n d e d  in  occupa tiona l 
a c t iv i t ie s ,  th e  c o ro lla ry  b e in g  th a t  th e re  was li ttle  d if fe re n ce  be tw een  
g ro u p s  in  e n e r g y  e x p e n d e d  in  n o n —occupa tiona l ac t iv it ies?  Did th i s  
d i f fe r  from g ro u p s  ag e d  u n d e r  50 y ea rs?
C o n c lu s io n s .
a)  O ccupa t iona l  e n e r g y  e x p e n d i tu re  was th e  p r in c ip a l  re a s o n  fo r  
d i f f e re n c e s  in  TEE be tw een  th e  m odera te  w ork g ro u p s  an d  th e
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s e d e n ta r y  g ro u p  o f  men ag ed  50-65 y e a r s  as  i t  was in  u n d e r  50 age  
g r o u p s .  T he  v e r y  small d if fe re n ce  in  o ccupa tiona l e x p e n d i tu r e  b e tw een  
two g r o u p s  o f  female fa c to ry  w o rk e rs  ag ed  be tw een  50 an d  65 y e a r s  was 
i n c r e a s e d  b y  th e  c o n t r ib u t io n  o f  n o n -o ccu p a tio n a l  w ork  .
b )  O ccupa t iona l  e n e r g y  e x p e n d i tu re  of men was no t r e d u c e d  in  th e  
50-65 age  g ro u p  com pared  to th o se  u n d e r  50 in  th e  g ro u p s  w here  w ork  
was d e f in e d  as s e d e n ta r y  o r  as h e a v y .  Since i t  was show n th a t  th e r e  
was no s ig n if ic a n t  d if fe re n c e  in  TEE be tw een  g ro u p s  of women a n d  since  
t h e r e  was no s e d e n ta r y  g ro u p  with which to com pare them , v e r y  li ttle  
d i f fe re n c e  in  occu p a tio n a l  e x p e n d i tu r e  be tw een  g ro u p s  of women aged  
50-65 y e a r s  h a s  b e e n  fo u n d .  T he  l i t e r a tu r e  d id  no t y ie ld  su ff ic ie n t  d a ta  
to  make th i s  com parison  be tw een  y o u n g e r  g ro u p s  of women.
c)  F or five  o u t  o f  s ix  g ro u p s  of men, occupa tiona l e n e rg y  e x p e n d i ­
t u r e  w as a good p r e d ic to r  of TEE. O ccupational e n e rg y  e x p e n d i tu re  
alone was n o t  as  good a p r e d ic to r  of TEE for women as i t  was fo r  th e  
m en, b u t  th e  r a n k  o rd e r  of e n e rg y  s p e n t  in  occupa tiona l p lu s
n o n -o c c u p a t io n a l  w ork  time was th e  same as th a t  of TEE.
d )  O ccupa t iona l e n e rg y  e x p e n d i tu re  was not a good p r e d ic to r  of
TEE fo r  th e  e x e c u t iv e  g ro u p  of s e d e n ta ry  w o rk e rs .  T h is  r e s u l t e d  from
an a v e ra g e  e n e r g y  c o s t ,  e x p re s s e d  as a "UNU" BMR b a s e d  fac to r  of 
p h y s ic a l  a c t iv i ty  d u r in g  n on -occupa tiona l  time, which was g r e a t e r  th a n  
all g r o u p s ,  e x c e p t  th e  s tee l  w o rk e rs .  S imilarly, no n -o ccu p a tio n a l
w ork  m ade an  im p o r tan t  c o n tr ib u t io n  to the  TEE of th e  two g ro u p s  o f  
female f a c to ry  w o rk e r s .  One h a lf  of th e  d if fe ren ce  be tw een  them was 
a c c o u n te d  fo r  b y  th e  non -o ccu p a tio n a l  w ork of th e  b a k e ry  w o rk e rs .
e)  V e ry  d i f f e re n t  p a t t e r n s  of le isu re  time p h y s ic a l  ac t iv i ty  w ere 
found  b e tw e e n  two g ro u p s  of male s e d e n ta ry  w o rk e rs  and  be tw een  two 
g ro u p s  in  m odera te  to  h e a v y  occu p a tio n s .  The p a t t e r n s  of le isu re  time 
p h y s ic a l  a c t iv i ty  of th e  women w ere similar for th e  two g ro u p s  of fac to ­
r y  w o rk e rs  a n d  fo r  th e  g ro u p s  of housew ives .
f) C h a n g e s  in  p a t t e r n s  of ac t iv i ty  of women, in  p a r t i c u la r  th o se  
o ccas ioned  b y  employment ou ts id e  of th e  home, a re  likely  to h ave  main­
ta in e d  o r  in c re a s e d  th e  to ta l  e n e rg y  e x p e n d i tu re  of la rg e  g ro u p s  o f  
women in  th e  50-65 age g ro u p .
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g ) T he  f in d in g  o f  a h ig h e r  d e g re e  o f  p h y s ic a l  a c t iv i ty  d u r in g  
le is u re  time b y  th e  e x e c u t iv e s  a g re e d  w ith  f in d in g s  b y  o th e r  g ro u p s  o f  
a p o s i t iv e  r e la t io n s h ip  b e tw een  level o f  e d u c a t io n ,  h ig h e r  socio-economic 
g r o u p s  a n d  le is u re  time a c t iv i ty ,  in c lu d in g  re c re a t io n a l  a c t iv i ty .  T he  
s im ila r i ty  o f  th e  le is u re  time p h y s ic a l  a c t iv i ty  o f  th e  l ig h t  i n d u s t r y  
w o rk e rs  to  t h a t  o f  th e  e x e c u t iv e s  was in  ag reem en t w ith th e  f in d in g  o f  
o th e r s  t h a t  sk il led  w o r k e r s , in  common w ith more h ig h ly  e d u c a te d  m e n , 
in c lu d e  more p h y s ic a l  a c t iv i ty  in  th e i r  le isu re  tim e. The e n e rg y  cos t o f  
le i s u re  time p h y s ic a l  a c t iv i ty  (LTPA) was com para tive ly  h ig h  fo r  all th e  
g r o u p s  o f  men b y  p r e s e n t  day  s t a n d a r d s .  The e n e rg y  cos t of 
n o n -o c c u p a t io n a l  w ork  an d  n o n -o ccu p a t io n a l  w alk ing  com bined 
e x c e e d e d  240 k c a l /d a y .  Com pared to c r i t e r ia  show n b y  P a f f e n b a r g e r , 
e t  a l . , (1986) to  h av e  an  in v e r s e  re la t io n sh ip  to m o rta l i ty ,  th e  p h y s ic a l  
a c t iv i ty  o f  th e  m ajority  of men s tu d ie d  was more th a n  a d eq u a te  to 
p ro d u c e  s u c h  an  e f fe c t .
It is  s p e c u la te d  from com parisons with similar b u t  h y p o th e t ic a l  
c r i t e r i a  b a s e d  on th o s e  of men th a t  th e  p h y s ic a l  a c t iv i ty  of most of th e  
women may a lso  h av e  b e e n  su ff ic ien t  to p ro d u c e  su ch  an e f fe c t .
At th e  g ro u p  leve l ,  b o th  th e  fa rm e rs  and  r e t i r e d  men in  th e  o v e r  
65 age  g ro u p  ex c e e d e d  th e  same e n e rg y  e x p e n d i tu re  c r i t e r ia ,  b u t  th e  
mean in t e n s i t y  of a c t iv i ty  fo r  th e  r e t i r e d  men d id  n o t ,  n o r  d id  th a t  o f  
th e  r e t i r e d  women.
8 .4 .4  Q u es tio n  3 . Did th e  e n e rg y  in ta k e  of each  occupa tiona l g ro u p  
re f le c t  th e  e n e r g y  e x p e n d i tu re  of th e  g roup?  Did th is  d i f fe r  from 
g ro u p s  a g e d  u n d e r  50 y e a rs ?  Was th e  in ta k e  ad e q u a te  b y  commonly 
a c c e p te d  s t a n d a r d s ?
C o n c lu s io n s .
a)  T he  d i f fe re n c e s  in  e n e rg y  in ta k e  be tw een  th e  g ro u p s  of men 
a g e d  50-65 y e a r s  re f le c te d  th e  d if fe re n ces  in  th e i r  e x p e n d i tu r e ,  b u t  in 
h a l f  th e  g ro u p s  th e  d if fe re n ce  be tw een  TEE an d  in ta k e  ex ce ed ed  150 
k c a l /d a y .  T he  d if fe re n c e  in  e n e rg y  in ta k e  be tw een  th o se  occupa tions  
in v o lv in g  h a r d  la b o u r  and  th o se  which w ere com para tive ly  s e d e n ta ry
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was th e  same as  th a t  fo r  e n e rg y  e x p e n d i tu r e ,  30 p e r c e n t .  The 
e x p e n d i tu r e  o f  th e  g ro u p s  was g r e a t e r  b y  7 p e r c e n t  th a n  in ta k e .  T h is  
d i f f e re n c e  w as also fo u n d  b e tw een  g ro u p s  of u n d e r  50 y e a r s .  A ra n g e  
o f  60 p e r c e n t  was found  be tw een  th e  most s e d e n ta r y  an d  most ac tive  
g r o u p s  a g e d  50-65 an d  of 48 p e r c e n t  be tw een  g ro u p s  aged  20-39. 
O ccu p a t io n  w as a good in d e x  of e n e r g y  in ta k e  in  g ro u p s  of men ag ed  
b e tw ee n  50 a n d  65 y e a r s  an d  u n d e r  50 y e a r s .  T h e re  was no g r e a t e r  
v a r ia t io n  b e tw e e n  mean e n e r g y  in ta k e  o f  in d iv id u a l  men in  age  g ro u p s  
u n d e r  50 y e a r s  a n d  be tw een  50 an d  65 y e a r s  in  similar occupa tiona l 
g r o u p s .
b )  T he  d i f f e re n c e s  in  e n e r g y  in ta k e  be tw een  g ro u p s  of women aged  
50-65 y e a r s  d id  n o t  r e f le c t  th e  d i f fe re n c e s  in  th e  e n e rg y  e x p e n d i tu re  to 
th e  same e x te n t  as  th o se  of men. In  all th e  g ro u p s  TEE ex ceed ed  
in ta k e  b y  200 k c a l /d a y  o r  m ore. T h e re  was a n a r ro w e r  r a n g e  of  d i f f e r ­
ence  b e tw e e n  th e  in ta k e  of g ro u p s  who w orked  only  in  th e  home an d  
th o se  w ith  em ploym ent in  l ig h t  i n d u s t r y  (14% an d  u n d e r )  th a n  th e r e  was 
in  e n e r g y  e x p e n d i tu r e  (20%). The e x p e n d i tu r e  of th e  g ro u p s  ex ceed ed  
th e  in ta k e  b y  a b o u t  15 p e r c e n t .  This  n a rro w  r a n g e  of d if fe re n ce  also 
o c c u r r e d  in  g ro u p s  of u n d e r  50 y e a r s .  In th e  ab sen ce  of d a ta  from 
v e r y  s e d e n ta r y  g ro u p s  u n d e r  65 y e a r s ,  th e  poss ib le  r a n g e  of in ta k e  
c an n o t  b e  s t a t e d  w ith c e r t a in ty ,  b u t  will ex ceed  42 p e r c e n t  which was 
fo u n d  b e tw e e n  a com para tive ly  s e d e n ta ry  g ro u p  and  a v e r y  ac tive  one .  
O ccu p a t io n  was n o t  a good in d ex  of th e  e n e rg y  in ta k e  of women. T he 
v a r ia t io n  in  in ta k e  be tw een  ind iv idua l  women ag ed  50-65 was g r e a t e r  
th a n  t h a t  of men b u t  from th e  limited d a ta  no firm conclusions  can  be  
d raw n  a b o u t  d i f fe re n c e s  o r  s im ilarities  to  y o u n g e r  g ro u p s .
c )  T he  e n e r g y  in ta k e s  of th e  g ro u p s  of men an d  women ag ed  50-65 
y e a r s  e x c e e d e d  th e  means of th e  recom m ended allowances (U .S .  RDAs, 
1980) fo r  a g es  51 to 75. The f in d in g  th a t  th e  BMIs of 47 p e r c e n t  of 
th e  men a n d  58 p e r c e n t  of th e  women ex ceed ed  th e  d es irab le  r a n g e  
p ro m p te d  th e  u s e  o f  th e  concep t of norm ative  e n e r g y  re q u ire m e n ts  
p ro p o s e d  b y  th e  FAO/WHQ/UNU, C onsu lta tion  (1985). The norm ative  
e n e r g y  r e q u i r e m e n t s  p ro p o se d  for all ex ce p t  th e  s e d e n ta r y  g ro u p s  of 
men a re  1.78 x  BMR, for th e  two s e d e n ta ry  g ro u p s  1.55 x BMR an d
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1.41 x  BMR, fo r  a g ro u p  of  housew ives  an d  a g ro u p  o f  b a k e r y  w o rk e rs
1.64 x  BMR a n d  fo r  sew ing  w o rk e rs  1.56 x  BMR.
d )  T he  in ta k e s  o f  one man an d  e ig h t  women w ere below 1.2 x 
BMR, b u t  u s in g  BMI as  th e  c r i t e r io n ,  on ly  th e  man a p p e a re d  to  h av e  an 
h a b i tu a l ly  in a d e q u a te  in ta k e .
e )  t h e r e  h a v e  b e e n  few s tu d ie s  o f  men o f  a n y  age  w hich r e p o r t  
e n e r g y  in t a k e s  as  h ig h  as th o se  of all e x c e p t  th e  v e r y  s e d e n ta r y  
g r o u p . From th e  many s tu d ie s  of th e  e n e rg y  in ta k e  of women only  th e  
f in d in g s  fo r  th e  b a k e r y  w o rk e rs  and  a g ro u p  o f  Swiss h o u sew iv es /  
fa rm e rs  e x c e e d e d  2200 k c a l /d a y .  T h e re  a p p e a rs  to be  a middle y e a r s  
p la te a u  o f  e n e r g y  in ta k e  an d  e n e rg y  e x p e n d i tu re  which e x te n d s  from 
ab o u t 40 to  b e y o n d  65 y e a r s  fo r  norm ally h e a l th y ,  com para tive ly  s e d e n ­
t a r y  m en. F or men with more ac tive  o ccu p a t io n s ,  i t  is  likely  th a t  
r e t i r e m e n t  r e d u c e s  e n e r g y  e x p e n d i tu re  and  in ta k e  to th e  level of th e  
s e d e n ta r y  m ajority  of th e  p o p u la t io n .  T h is  p la teau  e x is t s  fo r  women 
th r o u g h o u t  a d u l t  life b ec a u se  th e  r a n g e  o f  occupa tiona l dem and is  
n a r ro w .  I t  may be  p e r t u r b e d  s l ig h t ly  on r e t i r e m e n t .
T he  in ta k e  of th e  fa rm ers  of o v e r  65 y e a r s  ex ce ed ed  th a t  of all 
o ld e r  g ro u p s  found  in  th e  l i t e r a tu r e ,  while th a t  of th e  r e t i r e d  men was 
a t th e  low e n d  of th e  r a n g e .  The in ta k e  of com para tive ly  s e d e n ta ry  
g ro u p s  o f  women ag ed  o v er  65 in  th e  U nited  Kingdom an d  th e  USA 
te n d e d  to  be  s l ig h t ly  lower th a n  th a t  of th e  r e t i r e d  women.
8 .4 .5  Q u es tio n  4. Were th e re  d if fe re n ces  be tw een  th e  occupa tiona l 
g ro u p s  in  in ta k e  of p ro te in ,  f a t ,  calcium an d  i r o n ,  w hich w ere not 
r e la te d  to  e n e r g y  in tak e?  Did th e  in ta k e s  meet commonly acc ep ted  
s t a n d a r d s  o f  adequacy?
C o n c lu s io n s .
a)  T he  d i f f e r in g  levels  of e n e rg y  in ta k e  be tw een  occupa tions  did 
no t a f fec t  th e  p ro p o r t io n  of p ro te in  in  th e  d ie t o f  g ro u p s  o f  men and  
women e x c e p t  fo r  th e  s tee l w o rk e rs .  The p ro te in  in ta k e s  o f  men and  
women as  p e r c e n ta g e s  of e n e rg y  in ta k e  a g re e d  closely w ith th e  
p e r c e n ta g e s  found  in  B r i t ish  s tu d ie s  in c lu d in g  those  of y o u n g e r  and
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o ld e r  g r o u p s .  T he  g ro u p  in ta k e s  met o r  ex ce ed ed  th e  sa fe  leve l
d e f in e d  in  th e  FAO/W HO/UNU, (1985) r e p o r t  an d  th e  USA (1980)
Recom m ended D ie ta ry  Allowance fo r  p ro te in .  The in ta k e  o f  five women 
in  th e  ag e  g ro u p  50-65 y e a r s  d id  not r e a c h  th e  recom m ended safe  level 
o f  0.75 g / k g / d a y .
b )  Fat in ta k e  fo r  b o th  men an d  women was c losely  re la te d  to 
e n e r g y  i n t a k e .  T he  o ccupa tiona l level of e n e rg y  in ta k e  d id  no t a f fec t 
th e  p r o p o r t io n  of fa t  in  th e  d ie t .  The p e rc e n ta g e s  of fa t  in  th e  d ie ts  
of all g r o u p s  of men an d  women w ere in  e x c e ss  of th e  " p ru d e n t"  level 
of 35 p e r c e n t .
c) O ccupa t ion  d id  no t d if fe re n t ia l ly  a f fec t  calcium in ta k e  fo r  e i th e r  
men o r  women. T he  mean in ta k e s  of b o th  th e  male an d  female g ro u p s  
a t ta in e d  th e  USA (1980) Recommended Allowance of 800 m g /d a y  fo r  
calcium , b u t  1 in  10 men an d  o v e r  h a lf  o f  th e  women h a d  in ta k e s  below 
th i s  le v e l .  Food cho ices  made b y  women, in  add ition  to e n e r g y  in ta k e s
w hich a re  low er th a n  th o se  of m e n , a re  im plicated  in  th e  d if fe re n ce
b e tw ee n  th e  s e x e s  in  calcium in ta k e .  Safe levels  of in ta k e  of calcium 
p ro p o s e d  as  b e tw ee n  1200-1500 m g /d a y  fo r  women a re  u n like ly  to be 
re a c h e d  b y  d ie ta r y  means a lone, espec ia lly  at no rm ative  levels  of e n e rg y  
i n t a k e .
d )  I ro n  in ta k e  was closely  re la te d  to e n e rg y  in ta k e  fo r  men and  
women a n d  was n o t a f fec ted  b y  o ccupa tion .  The f in d in g s  of com parable  
s tu d ie s  w ere  c o n s is te n t  w ith o u r s  an d  th e  mean in ta k e s  of all g ro u p s  
e x c e e d e d  th e  10 m g /d a y  s t a n d a r d  (USA-RDAs, 1980). The in ta k e  of 12 
women a n d  one man d id  no t meet th is  s t a n d a r d .  A h ig h e r  e n e rg y  
in ta k e  a n d ,  t h u s ,  g r e a t e r  in ta k e  of i r o n - s u p p ly in g  foods led  to th e  
more s a t i s f a c to r y  in ta k e  fo r  men. For women, d ie ta ry  choices at th e i r  
lower leve l  of e n e r g y  in ta k e  d id  not inc lude  foods which have  a 
s u f f ic ie n t ly  h ig h  n u t r i e n t  d e n s i ty  of i ro n .  The food choices of abou t 25 
p e r c e n t  o f  women whose levels  of e n e rg y  in ta k e  w ere at o r  below 2000 
k c a l /d a y  led  to  in ta k e s  below th e  s ta n d a rd  of 10 m g /d a y .  Normative 
leve ls  o f  e n e r g y  in ta k e  would te n d  to re d u c e  th e  i ron  in ta k e  u n le s s  
foods w ith  a h ig h e r  n u t r i e n t  d en s i ty  of iro n  were in c lu d e d  in  th e  d ie t .
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8 .4 .6  Q u es t io n  5 . Was th e r e  a d e c re a se  in  th e  e n e r g y  e x p e n d i tu r e  a n d  
e n e r g y  in ta k e  o f  g ro u p s  ag ed  o v e r  65 com pared  to  th o se  ag ed  50-65 
y e a r s ?
C o n c lu s io n s .
a)  T h e r e  was th e  same d if fe re n ce  in  e n e r g y  e x p e n d i tu re  (30%) 
b e tw ee n  a c o m p ara tiv e ly  s e d e n ta ry  an d  a v e r y  ac tive  g ro u p  of men of 
o v e r  65 y e a r s  as  t h e r e  was be tw een  similar g ro u p s  of 50-65 y e a r s ,  b u t  
a t a lev e l  o f  TEE abou t 22 p e rc e n t  lower th a n  th a t  of th e  y o u n g e r  
g r o u p s .  T h e re  was no g r e a t e r  o r  no le ss  v a r ia t io n  be tw een  in d iv id u a ls  
of o v e r  65 y e a r s  th a n  u n d e r  65 y e a r s .  Men o v e r  65 y e a r s  w ere shown 
to b e  c ap a b le  o f  h ig h  levels  of e n e rg y  e x p e n d i tu r e .  T h e re  was a 
d i f fe re n c e  o f  23 p e r c e n t  be tw een  th e  e n e rg y  e x p e n d i tu re  of a n o n - s e d e n t -  
a r y  p r e - r e t i r e m e n t  g ro u p  of men and  a com parable r e t i r e d  g ro u p .  
Where o c c u p a t io n  rem ained  th e  same and  age alone was th e  v a r ia b le ,  th e  
d i f fe re n c e  was 19 p e r c e n t .
b )  T he  d if fe re n c e  be tw een  g ro u p s  of p r e -  and  p o s t - r e t i r e m e n t
women was 14 p e r c e n t .  T h e re  was some ind ica tion  of two ty p e s  of 
a c t iv i t y  p a t t e r n  in  women o v e r  65, a p a t t e r n  o f  in c re a s e d  ac t iv i ty  a f te r  
a s e d e n ta r y  occu p a tio n  an d  a p a t t e r n  of co n tin u in g  s e d e n ta ry  b eh av io r  
in to  r e t i r e m e n t .
c) T he  in ta k e  o f  th e  r e t i r e d  men did  no t re f le c t  th e i r  e x p e n d i tu r e ,  
n o r  d id  t h a t  of th e  f a rm e rs .  In  common with th e  y o u n g e r  fa rm e rs  i t  
was 300 k c a l /d a y  le ss  th a n  e x p e n d i tu re .
T he  d i f fe re n c e  of 700 k c a l /d a y  in  in ta k e  be tw een  th e  
n o n - s e d e n ta r y  g ro u p  of fa rm ers  and  th e  com para tive ly  s e d e n ta ry  r e t i r e d  
men w as ,  h o w e v e r ,  as g re a t  as th e  d if fe ren ce  in  e x p e n d i tu re  (34 
p e r c e n t )  a n d  r e f le c te d  th e  d iffe rence  in  th e i r  e n e rg y  e x p e n d i tu r e .
For th e  50-65 age g roup  and  th e  u n d e r  50 age g ro u p ,  occupa tion
was a b e t t e r  in d ic a to r  of in ta k e  in  men th a n  age .  A lthough  th e  
n u m b e rs  a re  small, th e se  s tu d ie s ,  to g e th e r  with th o se  o f  fo u r  Swiss 
fa rm e rs  in d ic a te  th a t  th i s  holds t r u e  beyond  65 y e a r s .
d )  T he  in ta k e  of r e t i r e d  women more closely re f le c te d  th e i r  e n e rg y  
e x p e n d i tu r e  th a n  d id  th a t  of th e  men o r  of th e  women of 50-65 y e a r s .
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e )  T he  v a r ia t io n  in  in ta k e  in  th e  g ro u p  of r e t i r e d  men was n o t  as 
g r e a t  a s  in  th e  y o u n g e r  g r o u p , while th a t  in  th e  g ro u p s  o f  women was 
th e  sam e.
f)  A n o ticeab le  d ro p  in  th e  e n e rg y  in ta k e  of s e d e n ta r y  men an d  
women does  n o t  a p p e a r  to  ta k e  place u n t i l  be tw een  75 an d  80 y e a r s .  
The th e s i s  s tu d ie s  in d ic a te  th a t  fo r  men th e re  is a d rop  at an  e a r l ie r  
age u n d e r  two c i rc u m s ta n c e s .  F i r s t ly ,  on re t i re m e n t  from n o n - s e d e n ta r y  
o c c u p a t io n s  a n d  se c o n d ly ,  w hen m odera te ly  h e a v y  occupa tions  a re  
c o n t in u e d  b e y o n d  65 y e a r s .
g )  T h e  e n e r g y  in ta k e s  of th e  g ro u p  of fa rm ers  ex ce ed ed  th e  US 
RDA (1980) o f  2400 k c a l /d a y ,  b u t  th a t  of th e  r e t i r e d  men did  no t re a c h  
i t .  T he  in ta k e  o f  th e  r e t i r e d  women exceeded  th e  s ta n d a r d  of 1800 
k c a l /d a y .  T he  n o rm ative  e n e rg y  req u ire m en t  p ro p o se d  for th e  fa rm ers  
is  1.78 x  BMR, fo r  th e  r e t i r e d  men 1.66 x BMR an d  fo r  th e  r e t i r e d  
women, 1 .64  x  BMR.
h )  T he  in ta k e s  of two men and  two women who lived  alone w ere 
below th e  "UNU" s u g g e s te d  c u t -o f f -p o in t  o f  1.2 x BMR. Only one o f  th e  
women w hose  BMI was below th e  d es irab le  ra n g e  a p p e a re d  to have  an 
h a b i tu a l  in a d e q u a te  in ta k e .
8 .4 .7  Q u e s t io n . Were th e  d ie ts  of ind iv id u a ls  o r  g ro u p s  o f  men an d  
women who l iv ed  alone in a d e q u a te  in  p ro te in ,  calcium, o r  iro n  com pared  
to commonly a c c e p te d  s ta n d a rd s ?
C o n c lu s io n s .
a)  P ro te in  in ta k e  as  a p e rc e n ta g e  of e n e rg y  in ta k e  of men an d  
women was n o t s ig n if ican t ly  d if fe re n t  from th e  y o u n g e r  g ro u p s  an d  i t  
fell w ith in  th e  r a n g e  of 11-14 p e rc e n t  found  in  all com parable s tu d ie s .  
T he mean in t a k e s  o f  th e  two g ro u p s  ex ceeded  th e  USA Recommended 
D ie ta ry  A llow ances (1980) of 56 g /d a y  fo r  men and  49 g /d a y  fo r  women.
In n e i th e r  g ro u p  was the  safe  level, defined  b y  th e  FAQ/WHO/UNU 
(1985) C o n su lta t io n  as th e  av e ra g e  re q u ire m e n t ,  b a se d  on 0.75 
g / k g / d a y ,  p lu s  two s t a n d a r d  d ev ia t io n s ,  ach ieved .  The d if fe re n ces  
w ere small ( in ta k e  70.39 g /d a y  for men com pared to a safe  level of 71.1
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g / d a y ;  in t a k e  fo r  women 61.4 g /d a y  com pared  to  a safe  level o f  63.2
g / d a y )  b u t  in d ic a te d  th e  p o ss ib il i ty  o f  in a d e q u a te  in t a k e ,  e v e n  a t
e n e r g y  in ta k e  leve ls  o f  2000 k c a l /d a y .  The p ro te in  in ta k e  o f  one
woman, w h ich  was below 0.75 g / k g / d a y ,  with an  e n e rg y  in ta k e  o f  1120 
k c a l /d a y  w as almost c e r ta in ly  in a d e q u a te .
b )  T he  mean calcium in ta k e s  of th e  g ro u p s  of men and  women 
ex c e e d e d  th o s e  of y o u n g e r  g r o u p s ,  b u t  ha lf  of each  g ro u p  h ad  in ta k e s  
o f  le s s  th a n  th e  s t a n d a r d  of 800 m g /d a y .
c)  One man in  15 an d  sev en  women in 21 in  th e  65 an d  o v e r  age
g ro u p  d id  n o t  meet th e  10 m g /d a y  s ta n d a rd  fo r  iro n  in ta k e .  The
p e r c e n ta g e s  of b o th  men an d  women with in ta k e s  below 10 mg in c re a s e d  
from th o s e  in  th e  50 to  65 age g roup  (23 % to 33% for women; 1% to 6%
fo r  m e n ) .  I t  is  no t know n w h e th e r  th e se  low levels  w ere a ssoc ia ted
w ith  anaem ia . The food choices of o lder  men and  women sh o u ld ,  to be 
p r u d e n t ,  in c lu d e  foods with a h ig h e r  n u t r i e n t  d e n s i ty  of i ro n .
8 .5  R e s u l t s  a n d  conclusions  of a review of th e  r e s e a rc h  d a ta  in  re la tion  
to some o f  th e  c o n ce p ts  developed  b y  th e  FAQ/WHO/UNU (1985) E x p e r t  
C o n su l ta t io n  on E n e rg y  and  P ro te in  R e q u ire m e n ts .
8 .5 .1  Use o f  30-60 an d  o v e r  60 y e a r s  p red ic t io n  eq u a t io n s  fo r  mixed age 
g r o u p s . T he  occupa tiona l g ro u p s  of men and  women co n s is te d  of 
s u b je c t s  a g e d  from 50 to 60 and  from 61 to 65 y e a r s .  The p re d ic t io n  
e q u a t io n s  d i f f e r  fo r  each  of th e se  two age g ro u p s .  Use of th e  o v er  60 
y e a r s  p re d ic t io n  e q u a t io n  for an  ind iv idua l r e s u l t s  in  a BMR lower th a n  
th a t  o f  an  in d iv id u a l  of similar w eight for whom th e  30-60 y e a r s  
e q u a t io n  is  u s e d .  Total e n e rg y  e x p e n d i tu re  e x p re s s e d  as a fac to r  o f  
th e  low er BMR a p p e a r s  to be g r e a te r  th a n  th a t  of a similar ind iv idua l  
w hose w e ig h t an d  TEE is  th e  same b u t  is  60 y e a r s  o r  le s s .
G ro u p s  w hich in c lu d e d  a g r e a te r  num ber  of in d iv id u a ls  o v e r  60 
y e a r s  t h u s  a p p e a re d  to  have  a g r e a te r  ,fUNUff TEE fac to r  th a n  th o se  
with few er o r  n o n e .  Use of th e  same p red ic t io n  equa t ion  fo r  BMR is 
in d ic a te d  fo r  in d iv id u a ls  who make up  occupationally  com parable g ro u p s
231
of men u p  to  65 y e a r s .  For re a s o n s  of c o n s is te n c y  be tw een  th e  s e x e s  
th e  same co n c lu s io n  is  d raw n  fo r  women.
8 .5 .2  C om parison  o f  "UNU" a n d  F leisch e s tim ates  o f  BMR. T he  "UNU” 
BMRs o f  in d iv id u a ls  60 y e a r s  an d  u n d e r  an d  of occupa tiona l g ro u p s  
e x c e e d e d  th e  BMRs ca lcu la ted  a f te r  F leisch (1954), which w ere u s e d  as 
e s t im a te s  o f  e n e r g y  e x p e n d i tu r e  d u r in g  s leep .  The amount b y  w hich 
u s e  o f  th e  "UNU" BMR fo r  s leep  would in c re a s e  th e  mean TEE of each  
g ro u p  is  in s ig n i f ic a n t  (ab o u t 20 k c a l /d a y  o r  l e s s ) .  T he  low er 
F leisch-BM R r e s u l t e d  in  TEE fac to rs  g r e a t e r  th a n  th e  "UNU" TEE 
f a c t o r s .
8 .5 .3  E n e r g y  co s t  f a c t o r s .
a )"U N U " BMR b a s e d  fa c to rs  fo r  e n e rg y  cost w ere v e r y  u s e fu l  for 
co m p ar in g  g r o u p s .  "UNU" BM R-based fa c to rs  fo r  e n e rg y  co s ts  o f  
a c t iv i t ie s  h ig h l ig h te d  d if fe re n c e s  and  sim ilarities  be tw een  g ro u p s  of th e  
same s e x ,  o f  d i f f e r e n t  sex  an d  be tw een  g ro u p s  with def ined  an d  u n d e ­
f in ed  o ccu p a t io n a l  tim e.
T he  e n e r g y  cos t  of th e  occupational p h y s ic a l  a c t i v i t y , e x p re s s e d  as 
"UNU" B M R -based  fa c to r s  of th e  50-65 age g ro u p  of men did  no t d if fe r  
from th e  u n d e r -5 0  age  g ro u p s ,  a l th o u g h  no u n d e r g o  age g ro u p s  similar 
to th e  m o d e ra te  w ork  c a te g o ry  g ro u p s  w ere available for com parison . 
The e n e r g y  co s t  of occupa tiona l p h y s ica l  ac t iv i ty  of women in  th e  50-65 
age g ro u p  com pared  to u n d e r -5 0  g ro u p s ,  d id  not d if fe r  w h e th e r  th e
cos t  was i n c u r r e d  b y  househo ld  and  ch i ldcare  ac tiv i t ie s  o r  in  a
com bination  o f  o u ts id e  w ork an d  househo ld  re sp o n s ib i l i t ie s .  U n d e re s t i ­
m ates o f  th e  e n e r g y  re q u ire m e n ts  of women and  men be tw een  50-65
y e a r s  may r e s u l t  i f  i t  is  assum ed  th a t  th e re  is  a decline in  p h y s ica l
a c t iv i ty  d u r in g  th o se  y e a r s .
O ccu p a t io n a l  e n e r g y  cost e x p re s s e d  as a "UNU" BMR fac to r  was a 
good p r e d ic to r  o f  to ta l  e n e rg y  e x p e n d i tu re  in  male g r o u p s .  
O ccupa t iona l  e n e r g y  cos t e x p re s s e d  as a multiple of "UNU"-BMR 
p r e d ic te d  th e  g r e a t e r  TEE of th e  female b a k e ry  w o rk e rs .
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T h e  e n e r g y  co s t  f a c to rs  a re  a n o th e r  way of h ig h l ig h t in g  th e  
f in d in g  t h a t  th e  c o n t r ib u t io n  o f  th e  e n e rg y  cost of no n -o ccu p a tio n a l  
a c t iv i t ie s  to  TEE was g r e a t e r  for th e  e x ec u tiv e s  th a n  fo r  th e  o th e r  
g r o u p s .  F o r  th e  e x e c u t iv e s ,  th e  occupa tiona l e n e rg y  cos t was 2 .0  x  
BMR, w h e re a s ,  n o n -o ccu p a t io n a l  e n e rg y  cost was 3.0 x BMR. For th e  
female f a c to ry  w o r k e r s ,  like th e  e x e c u t iv e s ,  th e  e n e rg y  cos t o f  
n o n -o c c u p a t io n a l  w ork  ex ceed ed  th a t  of occupa tiona l w o rk ,  i . e . , 
co m p ara t iv e ly  s e d e n ta r y  g ro u p s  were more ac tive  in  non -o ccu p a tio n a l  
time th a n  o ccu p a tio n a lly  ac tive  g ro u p s .
b )  Use o f  th e  e n e r g y  cost fac to rs  g ive a m easure  of th e  in te n s i ty  
at w hich  th e  v a r io u s  g ro u p s  w orked :
T he  a v e ra g e  e n e r g y  cost of occupational p lu s  non -occu p a tio n a l  
w ork  o f  th e  b a k e r y  w o rk e rs  and  housew ives  was almost id e n t ica l ,  2.7 
an d  2 .8  x  BMR. T h is  was g r e a t e r  th a n  th a t  of housew ives  u n d e r  50 
y e a r s ,  (2 .5  x  BMR) an d  was equ iva len t  to th e  "UNU" s u g g e s te d  f ig u re  
of  2 .8  x  BMR fo r h e a v y  w ork . B ak e ry  w o rk e rs ,  s tee l an d  b u i ld in g  
w o rk e rs  i n c u r r e d  th e  same co s ts  (2 .6  and  2.7  x  BMR) in  occupa tiona l 
a c t iv i t ie s  as  d id  sew ing  w o rk e rs  and  ex ec u tiv e s  (2 .0  x BMR). When 
e n e r g y  co s t  of occupa tiona l p lu s  non-occupa tiona l work is com pared th e  
male a n d  female g ro u p s  form two c lu s t e r s .  One co n s is ts  of s tee l  
w o rk e r s ,  b u i ld in g  w o rk e r s ,  l igh t  in d u s t r y  w o rk e rs ,  b a k e ry  w o rk e rs  and  
h o u se w iv e s ,  6 th  decade  with e n e rg y  cos ts  in th e  2 .6 -2 .8  x  BMR ra n g e .  
T he  o th e r  c o n s is t s  o f  ex ec u t iv e s  and  sew ing w o rk e rs  (2 .3  x  BMR). At 
th e  e x tre m e  e n d s  of th e  ra n g e  a re  found th e  fa rm ers  (4 .0  x BMR) and  
th e  c le r ica l  w o rk e rs  (1 .7  x BMR). This  i l lu s t ra te s  th e  possib le  ra n g e  
fo r  th e  e n e r g y  e x p e n d i tu r e  of women, which was not co v e red  in  th e  
g ro u p s  s tu d ie d .
G ro u p in g s  w ere  d i f fe re n t  when e n e rg y  cos ts  of ’' r e la x a t io n ” w ere 
co m p ared .  Most g ro u p s  of men and  women had  an e n e rg y  cost of 
b e tw een  1 .6  a n d  1 .8  x  BMR. The ex trem es of th e  r a n g e s  w ere fa rm ers  
(1 .4  x  BMR) a n d  e x e c u t iv e s  and  s tee l w orkers  (2 .1  an d  2.2 x BMR).
The "UNU"-BMR fa c to rs  for g ro s s  e n e rg y  e x p e n d i tu re  in  w alking w ere 
b e tw een  4 .2  an d  5 .2  x BMR for five of th e  g ro u p s  of men fo r  whom
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m ean e n e r g y  e x p e n d i tu r e  in  w alk ing  fell in to  th e  c a te g o r y  o f  m odera te  
w o rk  (5 -7 .4  k c a l /m in ) .
W alking fell in to  th e  m o d e ra te  w ork  r a n g e  o f  3 .5 -5 .4  k c a l /m in  fo r  
th e  g ro u p  o f  female b a k e r y  w o rk e rs  o n ly  a n d  th e  "UNU” BMR fa c to r  
a s s o c ia te d  w ith  th e  level was 4 .5  x  BMR.
8 .5 .4  C om parison  w ith  exam ples  o f  sim ilar w ork  c a t e g o r i e s .
a )  T he  TEE f a c to r s  of all male g r o u p s ,  e x c e p t  th e  c le r ica l  w o rk e rs  
a n d  f a r m e r s ,  e x c e e d e d  th o s e  o f  th e  "UNU” exam ples  o f  sim ilar w ork  
c a te g o r ie s .  T he f r a c t io n s  a l loca ted  to  o ccu p a tio n a l  a n d  le is u re  ac t iv i t ie s  
v a r ie d  m a rk e d ly  in  some o f  th e  g r o u p s  from th e  exam ples  o f  male 
g r o u p s .  In  g e n e ra l ,  t h e  o ccu p a tio n a l  f r a c t io n s  of th e  g ro u p s  e x ce ed ed  
th e  ex am p les .
b )  T he  exam ples  g iv e n  fo r  women w ere  no t as  com parab le  to  th e  
th e s i s  g r o u p s  as  th o s e  o f  th e  men. T he  on ly  a p p a re n t ly  com parab le  
ex am p le ,  t h a t  of a housew ife  in  an  a f f lu e n t  so c ie ty  was no t similar in  
TEE n o r  in  p e r c e n ta g e  o f  f ra c t io n a l  p o r t io n  n o r  in  p e r c e n ta g e  o f  e n e r g y  
r e q u i r e m e n t  a l loca ted  to  o ccu p a tio n a l  a n d  le is u re  a c t iv i t ie s .
8 .5 .5  T he  o v e r  65 age  g r o u p .
8 . 5 .5 . 1  P re d ic t io n  of BMR an d  e f fec t  on to ta l  e n e r g y  e x p e n d i t u r e . For 
b o th  men a n d  women th e  F le isch  BMRs a n d  th e  nUNU,f BMRs w ere  
p ra c t ic a l ly  id e n t ic a l ,  in  c o n t r a s t  to  th o se  of th e  50-65 age  g r o u p .  The 
"UNU" TEE f a c to r s  fo r  th e  o ld e r  g ro u p s  of men an d  women, t h u s ,  w ere  
c lo se r  th a n  th o s e  of th e  y o u n g e r  g ro u p s  to th e  F le isch  TEE fa c to rs
8 .5 .5 . 2  E n e rg y  co s t  f a c t o r s . T he  e n e rg y  cos t o f  o ccupa tiona l p lu s  
n o n -o c c u p a t io n a l  w ork  was 2 .9  x  BMR to  th e  o lde r  fa rm e rs  com pared  to
4 .0  x  BMR fo r  th e  y o u n g e r  g r o u p .  T he  e n e r g y  cost o f  2 .9  x  BMR 
e x c e e d e d  th e  FAQ /WHO /UNU (1985) r e p o r t  f ig u re  of 2 .7  x  BMR fo r 
m ode ra te  w o rk .  T he  o ld e r  fa rm e rs  w ere  more ac t ive  in  " re lax a t io n "  tim e,
2 .0  x  BMR com pared  to  1.3 x  BMR.
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T h e  same com parison  o f  p r e - r e t i r e m e n t  a n d  r e t i r e d  men sh o w e d ,  as  
e x p e c t e d ,  a  d i f f e re n c e  in  th e  e n e r g y  co s t  o f  w ork  a c t iv i t ie s ,  2 .6  x  BMR 
co m p ared  to  1 .9  x  BMR. It also show ed  th a t  th e  re la x a t io n  ac t iv i t ie s  o f  
t h e  o ld e r  men h a d  a g r e a t e r  e n e r g y  c o s t , 2 .1  x  BMR, w hich  e x c e e d e d  
t h e  "UNU" s t a n d a r d  fo r  l ig h t  w ork  of 1 .7  x  BMR, th a n  th o se  o f  th e  
y o u n g e r  g ro u p  (1 .8  x  BMR). T he  e n e r g y  co s t  o f  w alk ing  fo r  th e  
r e t i r e d  men e x c e e d e d  th e  m etabolic c o n s ta n t  fo r  w alk ing  a t  norm al p ace  
(3 .2  x  BMR) d ev e lo p ed  in  th e  FAQ/WHO/UN U , (1985) r e p o r t .
8 . 5 .5 . 3  C om parison  w ith  exam ples  o f  sim ilar w ork  c a t e g o r i e s . T he  TEE 
f a c to r s  o f  th e  two male a n d  one female g ro u p  e x c e e d e d  th o s e  o f  th e  
"UNU” exam ples  o f  e n e r g y  re q u ire m e n t  a n d  th e  p e r c e n ta g e s  a l loca ted  to  
w ork  a n d  le i s u re  w ere  d i f f e r e n t .
CHAPTER 9 
PO ST SC R IPT
T h e  s tu d ie s  w h ich  a re  r e p o r t e d  in  th i s  th e s i s  w ere  u n d e r t a k e n  
from 1959 to  1965. T h e y  w ere  among th e  f i r s t  to  in v e s t ig a te  th e  to ta l  
e n e r g y  r e q u i r e m e n t s  of o ld e r  men a n d  women a n d  th e y  rem ain  among 
th e  v e r y  few in  w hich  m e asu re m en ts  h a v e  b e e n  made of th e  e n e r g y  
e x p e n d i tu r e  o f  h e a l th y  o ld e r  peop le  e n g a g e d  in  t h e i r  u s u a l  o ccu p a t io n s  
a n d  l iv in g  in  t h e i r  own hom es.
Many major r e s e a r c h  ch a l len g e s  rem ain  in  s e e k in g  to  u n d e r s t a n d  
th e  r e la t io n s h ip s  b e tw ee n  a g in g ,  n u t r i t io n a l  r e q u i r e m e n ts ,  p a t t e r n s  o f  
a c t iv i t y ,  e n e r g y  e x p e n d i tu r e ,  h e a l th  a n d  d is e a s e .
I w ould  p u r s u e  fo u r  a re a s  in  w hich  q u e s t io n s  h av e  b e e n  r a i s e d  b y  
d is c u s s io n  o f  th e  r e s e a r c h  f in d in g s .  T h ese  c o n c e rn :  a) th e
d i s c r e p a n c y ,  p a r t i c u la r ly  in  women, b e tw ee n  m easu rem en ts  of e n e r g y  
in ta k e  a n d  e x p e n d i tu r e ;  b )  th e  c h a n g e s  w hich o c c u r  in  e n e r g y  
r e q u i r e m e n t s  a t d i f f e r e n t  s ta g e s  of life due  to e i th e r  a l te ra t io n s  in  
p a t t e r n s  of food in ta k e  o r  of p h y s ic a l  a c t iv i ty ;  c) th e  d i f fe re n c e s  in  
p a t t e r n s  o f  a c t iv i ty  b e tw ee n  men an d  women; an d  d) th e  im p o r tan ce  of 
ep isod ic  w e ig h t loss  on long  te rm  d ie ta ry  fa t  in t a k e .
T he  f in d in g  th a t  th e r e  is  a la rg e  in d iv id u a l  v a r ia t io n  in  e n e rg y  
in ta k e  m e a su re m e n ts  com pared  to  e n e r g y  e x p e n d i tu r e  m e asu re m en ts ,  
e sp ec ia l ly  in  women, is  no t u n iq u e  to  th e se  s tu d ie s  a n d  is  s til l  
u n e x p la in e d .  I t  a p p e a r s  from many p u b l ish e d  s tu d ie s  th a t  t h e r e  is  an  
u n k n o w n  p e r c e n ta g e  of women whose e n e r g y  in ta k e  b a re ly  e x ce ed s  o r  
does  n o t  r e a c h  th e  leve l of es t im a ted  BMR an d  y e t  who lead  p h y s ica l ly  
ac t iv e  l iv e s .  On th e  s u g g e s te d  e n e r g y  r e q u ire m e n t  o f  1 .2  x BMR 
(FAQ /W HO /U N U , 1985) th e se  women would gain  w e ig h t .  T h is  does not 
a p p e a r  to  o c c u r  to  th e  same d e g re e  in  s tu d ie s  of men. S pecu la tive  
e x p la n a t io n s  r a n g e  from th e  d e g re e  of e r r o r  in t ro d u c e d  b y  th e  method 
to th e  d e g re e  of m etabolic e ff ic iency  of th e  in d iv id u a l .  A re women more 
m etabolically  e ff ic ien t  th a n  men, e i th e r  in h e re n t ly  o r  b y  ad ap ta t io n ?  Are 
th e r e  a n y  r e a s o n s  w hy th e y  sho u ld  be? For exam ple ,  is  th e  metabolism 
o f some women p e rm a n e n t ly  a l te re d  b y  p re g n a n c y ?
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T h e r e  is  v e r y  l i t t le  in fo rm a tio n  ava i lab le  on c h a n g e s  in  e n e r g y  
r e q u i r e m e n ts  w hich  o c c u r  d u r in g  th e  lifetim e o f  in d iv id u a ls  w h e th e r  in  
th e  form o f  p ro f i l e s  o f  e n e r g y  in ta k e  o r  p ro f i l e s  o f  e n e r g y  e x p e n d i tu r e .  
S ta g e s  in  life r e l e v a n t  to  th e  r e s e a r c h  a r e  r e t i r e m e n t  fo r  b o th  men an d  
women a n d  th e  p o s t - c h i ld - r e a r in g  y e a r s  fo r  women. O th e r  e v e n t s  v/hich 
m igh t p r o d u c e  c h a n g e  a r e  m a rr ia g e ,  in c r e a s e d  family s iz e ,  ch a n g e  o f  
o c c u p a t io n ,  a c q u is i t io n  o r  loss  of a c a r ,  c h a n g e  o f  home, i l ln e ss  an d  
d e a th  o f  a s p o u s e .
Men a n d  women d if f e r  in  t h e i r  p a t t e r n  o f  p h y s ic a l  a c t iv i ty  
t h r o u g h o u t  l i fe .  Is  i t  p o ss ib le  th a t  life is  le n g th e n e d  fo r  men who 
follow th e  p re d o m in a n t  female l i fe - lo n g  p a t t e r n  of e x te n d e d  p e r io d s  of 
l ig h t  ac t iv i ty ?
T he  n o ticeab le  dec line  in  CHD in  th e  U .S .A .  a n d  C anada  n o te d  in  
th e  D isc u ss io n  h a s  b e e n  p a r t i a l ly  a t t r i b u t e d  to  a d e c re a s e  in  to ta l  fa t  
in t a k e  a n d  to  a l te ra t io n s  in  th e  com position of th e  d ie ta r y  f a t .  T h e re  
a re  few p ro f i le s  o f  th e  fa t in ta k e  of in d iv id u a ls  from lo n g i tu d in a l  
s tu d ie s .  L a rg e  n u m b e rs  of men an d  women who c o n s ta n t ly  s e e k  to  lose 
w e ig h t b y  low er in g  t h e i r  e n e r g y  in ta k e  many tim es d u r in g  life u su a l ly  
do so b y  r e d u c in g  th e i r  c a rb o h y d ra te  a n d  fa t  in ta k e .  T h e i r  to ta l  fa t 
i n ta k e  is  t h u s  low ered  p e r h a p s  o v e r  a p e r io d  of y e a r s .  Could th i s  
r e d u c t io n  in  fa t  in ta k e  c o n t r ib u te  to a d e c re a se d  r i s k  of CHD, com pared  
to  n o n - d ie t e r s ?  If  in te rm i t te n t  d e c re a s e s  in  fa t  in ta k e  led  to  
in t e r m i t te n t  w eigh t loss  th e  c h a n g e s  in  p lasm a l ip ids  a n d  l ip o p ro te in s  
b r o u g h t  a b o u t  b y  th e  w eigh t lo s s ,  no t th e  a l te ra t io n s  in  fa t in ta k e ,  
m igh t b e  th e  fa c to r s  le ad in g  to d e c re a s e d  r i s k .  (Wood, S te fa n ik ,  D reo n ,  
e t  a l .  1988)
B ec a u se  th e  t a s k  of co l lec t ing ,  an a ly z in g  an d  i n t e r p r e t i n g  th e  v a s t  
q u a n t i ty  o f  d a ta  r e le v a n t  to th e s e  to p ics  is  immensely com plex ,I  would 
f a v o u r  th e  a p p ro a c h  ad v o c a te d  b y  th e  Ad Hoc E x p e r t  Committee on 
E n e rg y  a n d  P ro te in  R eq u irem en ts  (FAQ/WHO, 1973) i . e . ,  th e  sy s tem a tic  
co llection  a n d  in t e r p r e ta t io n  of simple d a ta  on a la rg e  scale  at 
p o p u la t io n  le v e l .  Much d a ta  is  collec ted  at th i s  level b u t  i t  is  seldom 
in d iv id u a l  lo n g i tu d in a l  d a ta .
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M uch u s e fu l  in fo rm ation  on th e s e  to p ic s  cou ld  be  o b ta in e d  b y  th e  
co llec t ion  o f  m easu rem en ts  o f  w eigh t a n d  h e ig h t  a t  r e g u la r  i n t e r v a l s  
o v e r  th e  a d u l t  life o f  la rg e  random  sam ples  o f  th e  p o p u la t io n ,  e . g . ,  
p a ra l le l  s tu d ie s  o f  c o h o r ts  s t a r t i n g  a t  each  d e ca d e  a f t e r  30 y e a r s .  
B ase l in e  e s t im a te s  of e n e r g y  in ta k e  b y  a simple m ethod would b e  
n e c e s s a r y  a n d  cou ld  be  r e p e a te d  as  called  fo r  b y  th e  s tu d y  d e s ig n .  
S uch  a s t u d y  cou ld :
a) id e n t i f y  in d iv id u a ls  a t all leve ls  of e n e r g y  in ta k e  who a p p e a r  to  be 
in  e n e r g y  b a la n c e .  I t  could  in d ica te  w h e th e r  more women th a n  men 
m ain ta in  e n e r g y  b a lan ce  at leve ls  c o n s id e re d  to  be  low a n d  w hich 
f a c to r s  ( e . g . ,  p r e g n a n c y ,  d ie t in g )  r e d u c e  th e  leve l a t w hich  b a lan ce  is  
a c h ie v e d .
b )  p r o v id e  p ro f i le s  o f  e n e r g y  r e q u i re m e n ts  b y  r e c o rd in g  p ro f i le s  o f  
c h a n g e  in  w e ig h t .  T he  biological q u e s t io n s  p o se d  b y  FAO/W HO/UNU, 
(1985) o f  th e  v a r ia b i l i ty  o f  re q u ire m e n ts  in  th e  same in d iv id u a l  at 
d i f f e r e n t  p o in ts  in  time an d  of e n e rg y  e x p e n d i tu r e  o v e r  r e la t iv e ly  long  
p e r io d s  of time would th u s  be  a d d r e s s e d .  A p p ro p r ia te  q u e s t io n s  to 
s u b je c t s  in  th e  r e s e a r c h  p ro to co l  could id e n t i fy  w h e th e r  ga in  o r  lo ss  o f  
w eigh t w ere  a s so c ia te d  w ith c h a n g e s  in  p a t t e r n s  of food in ta k e  o r  
p h y s ic a l  a c t iv i ty  to g e th e r  w ith th e  re a s o n s  fo r  s u c h  c h a n g e s , some of 
w hich w ere  c i ted  p re v io u s ly .  I t  shou ld  also be  p o ss ib le  to  d is t in g u is h  
peop le  who a re  ac t iv e  all th e i r  lives from th o se  who a re  s e d e n ta r y  all 
t h e i r  l i v e s , a n d  to  id e n t i fy  with more c e r t a in ty  th e  r e a s o n s  fo r  th e  
d e f in i te  d e c re a s e  in  e n e r g y  re q u ire m e n ts  show n b y  c ro s s - s e c t io n a l  
s tu d ie s  to  o c c u r  som ew here be tw een  75 an d  80 y e a r s .
Some c la r if ic a t io n  m ight be  e x p e c te d  o f  th e  le n g th  o f  time 
n e c e s s a r y  fo r  d e c re a s e d  e n e r g y  e x p e n d i tu r e  o r  in c re a s e d  e n e r g y  in ta k e  
to be  r e f le c te d  in  in c re a s e d  w eight o r  fo r  e n e rg y  b a lance  to  be  
r e s t o r e d .  B ecau se  a s tu d y  is  i t s e l f  an  in te rv e n t io n ,  i t  w ould be  
p r u d e n t  to  h a v e  a c o n tro l  g ro u p  as p a r t  of th e  d es ig n  with co n tac t  
r e s t r i c t e d  to  p e r h a p s  5 y e a r ly  in te r v a ls .
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T h e  u s e f u ln e s s  o f  s u c h  a s tu d y  in  q u e s t io n s  o f  th e  re la t io n s h ip  
b e tw e e n  w e ig h t ,  e n e r g y  a n d  fa t  in ta k e  a n d  CHD is  som ew hat more 
s p e c u la t iv e ,  b u t  a  d e c r e a s e  in  w e igh t d u e  to  low ered  e n e r g y  in ta k e  will 
u s u a l ly  im ply a r e d u c e d  fa t  in ta k e  ev e n  a l th o u g h  fa t  as  a p e r c e n ta g e  of 
th e  to ta l  e n e r g y  in ta k e  rem ains  th e  sam e. H is to ry  of i l ln e s s  an d  cau se  
o f  d e a th  m igh t r e v e a l  a s so c ia t io n s .
One o f  m any m ethodological q u e s t io n s  to  be  a d d r e s s e d  would 
c o n c e rn  th e  e s tim ation  o f  d ie ta r y  in t a k e .  S ince h a b i tu a l  e n e r g y  in ta k e  
w ould  b e  th e  p r im e  fo c u s ,  m ethods  of o b ta in in g  i t  could  be  t e s t e d  an d  
v a l id a te d  w ith  th e  ob jec t  o f  f in d in g  a simple a n d  in e x p e n s iv e  m ethod .
One w ay o f  o b ta in in g  c o n s is te n c y  in  m easu rem en t a n d  r e g u la r  
c a l ib ra t io n  o f  in s t r u m e n ts  would be  b y  f i t t in g  a v a n  w ith  th e  n e c e s s a ry  
m e a su r in g  in s t r u m e n t s  an d  ta k in g  i t  to th e  s u b je c t s  a t  home o r  a t th e i r  
p lace  o f  w o rk .
T he  c u r r e n t  em phasis  on in d iv id u a l  e n e r g y  r e q u i re m e n ts  an d  th e  
c o n t in u in g  a n d  a c c e le ra t in g  i n t e r e s t  in  f in d in g  r e la t io n s h ip s  be tw een  
e n e r g y  in ta k e  a n d  e x p e n d i tu r e ,  p a t t e r n s  o f  food in ta k e  an d  p h y s ic a l  
a c t iv i t y ,  h e a l th ,  d is e a s e ,  lo n g e v i ty  an d  d e a th  u n d e r l in e  th e  fundam en ta l  




ACHESON, K . J . ,  CAMPBELL, I . T . ,  EDHOLM, O . G . ,  MILLER, D . S . ,  
a n d  STO CK , M .J .  A lo n g i tu d in a l  s tu d y  o f  b o d y  w eigh t a n d  b o d y  fat 
c h a n g e s  in  A n ta r c t ic a .  Am. J .  C lin . N u t r . ,  33 :972 , 1980 a .
ACHESON, K . J . ,  CAMPBELL, I . T . ,  MILLER, D .S .  AND STOCK, M .J .  
T he  m e asu re m en t  o f  food an d  e n e r g y  in ta k e  o f  man -  an  ev a lu a tio n  of 
some t e c h n iq u e s .  Am. J .  C lin . N u t r . ,  33: 1147, 1980b.
ACHESON, K . J . ,  I . T . CAMPBELL, O .G . EDHOLM, D .S .  MILLER AND 
STO CK, MJ. T he  m easu rem en t o f  da ily  e n e r g y  e x p e n d i tu r e  -  An 
e v a lu a t io n  o f  some t e c h n iq u e s .  Am. J .  C lin . N u t r .  33: 1155, 1980c.
ACHESON, E .D .  Food po licy ,  n u t r i t io n  a n d  g o v e rn m e n t .  P ro c .  N u tr .  
Soc. 45: 131, 1986.
ALLEN, L .H .  Calcium b ioavailab ili ty  a n d  a b s o rp t io n :  a rev ie w . Am. J .  
C lin . N u t r .  35, 783, 1982.
ALLEN, L .H .  Calcium a n d  o s te o p o ro s is ,  N u t r .  T oday  2 1 (3 ) :  6, 1986.
ATWATER, W.O. an d  BENEDICT, F . G . , .  F u r t h e r  ex p e r im e n ts  on th e  
m etabolism o f  m a t te r  a n d  e n e r g y  in  th e  hum an b o d y .  B ull .  O ff. E xp . 
S tn s .  U .S .  D e p t .  A g r ic .  109, W ash ing ton , D . C . ,  1902, C ited  in  FAO, 
N u tr i t io n  M eetings R e p o r t  S e r ie s  No. 52; WHO T echn ica l  R ep o r t  S eries  
No. 522, E n e rg y  an d  p ro te in  r e q u i r e m e n ts ;  r e p o r t  o f  a jo in t FAO/WHO 
Ad Hoc E x p e r t  Committee, 1973.
A U B , J . C .  an d  D uBO IS, E . F . .  T he  b asa l  metabolism of old m en. A rc h .  
I n t e r n .  Med. 19: 823, 1917.
BACON, F . H is to ry  N a tu ra l  a n d  E xperim en ta l of Life an d  D eath  o r  Of 
th e  P ro lo n g a t io n  of Life. London: William Lee, 1664. Cited b y  
B e e u w k e s ,  1952.
BACON, R . The C u re  of Old Age an d  P re s e rv a t io n  of Y ou th . T r a n s ,  
b y  R . B row ne . London: T h o .F le s h e r  a n d  E dw ard  E v e ts ,  1683. C ited  b y  
B e e u w k e s ,  1952.
BAECKE, J . A . H . ,  BUREMA, J .  a n d  FR IT T E R S, J . E . R .  A s h o r t  
q u e s t io n n a i r e  fo r  th e  m easu rem en t o f  h a b i tu a l  p h y s ic a l  a c t iv i ty  in  
ep idem iological s tu d ie s .  Am. J .  C lin . N u t r .  36:932, 1982.
BAINES, A .H . J .  a n d  HOLLINGSWORTH, D .F .  T he  d ie ts  of e ld e r ly  
women l iv in g  a lone . P ro c .  N u tr .  Soc. 14: 77, 1955.
BAINES, A .H .G .  Some f in d in g s  of th e  National Food S u rv e y  of G rea t 
B r i ta in .  P ro c .  N u t r .  Soc. 38: 151, 1979.
BAKER, J . A . ,  HUMPHREY, S . J . E .  and  WOLFF, H .S .  Socially 
a c c e p ta b le  m on ito r ing  in s t r u m e n t s .  J .  P hys io l.  188, 4, 1967.
1
BATCHELDER, E .L .  N u tr i t io n a l  s t a t u s  a n d  d ie t a r y  h a b i t s  o f  o ld e r  
p e o p le .  J .  Am. D iet.  A sso c .  33: 5, 471, 1957.
BEATON, G .H . What do we th in k  we a r e  m e asu r in g ?  In :  P ro c e e d in g s  
o f  th e  sym posium  on d ie ta r y  d a ta  co llec tion , an a ly s is  a n d  s ig n if ican ce ,  
A m h e rs t ,  MA, U n iv e r s i ty  o f  M a s s a c h u s e t ts ,  R e s e a rc h  B u lle t in ,  No. 675,
1982. C ited  b y  v a n  S ta v e re n  an d  B u rem a , 1983.
BEATON, G .H . U ses an d  limits o f  th e  u s e  o f  th e  Recom mended D ie ta ry  
Allow ances fo r  e v a lu a t in g  d ie ta r y  in ta k e  d a ta .  Am. J .  C lin . N u tr .  
41 :155, 1985.
BECKER, B . G . ,  INDIK, B .P .  a n d  BEEUWKES, A.M. D ie ta ry  in ta k e  
m e thodo log ies .  A R eview . T he  U n iv e r s i ty  o f  M ichigan School of Pub lic  
H ea lth ,  A nn  A rb o r .  T ec h n ica l  R e p o r t ,  1960.
BEDALE, E.M . P ro c .  R oy. Soc. B , 94: 368, 1922. C ited  b y  Edholm, e t  
a l . ,  1955.
BEEUWKES, A.M . E ar ly  sp e c u la t io n s  on d ie t  an d  lo n g e v i ty .  I .  J .  Am. 
D ie te t .  A sso c .  2 8 : ,  628, 1952.
BELLOC, N .B .  a n d  BRESLOW, L. R e la tionsh ip  o f  p h y s ic a l  h e a l th  
s t a t u s  a n d  h e a l th  p r a c t i c e s .  P r e .  Med. 1 (3 ) :4 0 9 ,  1972.
BENEDICT, F .G .  Old age  an d  b a sa l  m etabolism . New E ng l .  J .  Med. 
212: 1111, 1935.
BENEDICT, F .G .  a n d  M eyer,  M.M. (1932) P ro c .  Am. Ph ilos .  Soc. 71: 
C ited  b y  B e n e d ic t ,  F .G .  New E ng l .  J .  Med. 212: 1111, 1935.
BEN ED ICT, F . G . ,  MILES, W .R .,  ROTH, P . ,  an d  SMITH, M. Human 
v i ta l i ty  a n d  e f f ic ien cy  u n d e r  p ro lo n g e d  r e s t r i c t e d  d ie t .  W ashington 
D . C . :  C a rn eg ie  I n s t i t u t e ,  1919. C ited  in  T hom son, e t  a l . ,  1982.
BERIO, A . J .  a n d  PERISSE, J .  T he  FAO p rogram m e of w ork  on a c t iv i ty  
p a t t e r n s  an d  e n e r g y  e x p e n d i tu r e .  In : R e p o r t  o f  an  E .C .  W orkshop, 
W agen ingen ,  T he  N e th e r l a n d s ,  E u ro -N u t .  R e p o r t  5, 111, 1984.
BIGWOOD, E . J .  G u id ing  p r in c ip le s  fo r  s tu d ie s  on th e  n u t r i t io n  of 
p o p u la t io n s .  G eneva: L eague  of N ations H ealth  O rg a n iz a t io n ,  1939.
BINGHAM, S . ,  McNEIL, N .I .  an d  CUMMINGS, J .H .  T he d ie t  of 
in d iv id u a l s ,  a s tu d y  o f  a random ly  ch o sen  c ro s s  sec tion  of B r i t i s h  
a d u l t s  in  a C am bridge  v il lag e .  B r .  J .  N u tr .  45: 23, 1981.
BINGHAM, S. R ece n t  deve lopm en ts  in  d ie ta ry  m ethodology . In : R ep o r t  
of an  EC w o rk sh o p  on th e  d ie t  f a c to r  in  epidemiological r e s e a r c h .  E u ro .  
N u t .  R e p o r t  1, W agen ingen , T he N e th e r la n d s ,  1982.
BINGHAM, S. S u rv e il lan ce  o f  d ie ta ry  h a b i t s  of th e  p o p u la t io n  with 
r e g a r d  to  c a rd io v a s c u la r  d is e a s e s :  p rem ise  a n d  m e thods .  In : R ep o r t  of 
an  EC w o rk sh o p  on s u rv e i l la n c e  of d ie ta r y  h a b i t s  of th e  po p u la t io n  with
2
r e g a r d  to  c a rd io v a s c u la r  d is e a s e s .  E u ro .  N u t .  R e p o r t  2, W agen ingen , 
T he  N e th e r l a n d s ,  1983.
BLACKWELL, F . ,  BRUN, T . ,  WEBB, P . a n d  RACK, M .J .  A com parison  
o f  th e  e n e r g y  e x p e n d i tu r e  of 8 V ietnam eeses  a n d  8 N o r th  A m ericans .
In :  R e p o r t  o f  an  EC W orkshop, W ageningen , The N e th e r la n d s .  E u ro .  
N u t .  R e p o r t  5, 205, 1984.
BLAKE, E . C . ,  an d  DURNIN, J . V . J . A .  D ie ta ry  v a lu e s  from a 2 4 -h r  
re c a l l  com pared  to  a 7 -d a y  s u r v e y  on e ld e r ly  p eo p le .  P ro c .  N u tr .  Soc. 
22 : i ,  1963.
BLOCK, G. A rev iew  of v a l id a tio n s  of d ie ta r y  a s s e s sm e n t  m e thods .
Am. J .  Epidem . 115: 492, 1982.
B O R TZ, W.M. D isuse  an d  a g in g .  JAMA 248:1203, 1982.
BRAMWELL, E.M . Diet o f  London b u sm en  -  a sample s tu d y .  P roc .  
N u t r .  Soc. 20 :30 , 1961.
BRANSBY, E .R .  an d  OSBORNE, B . A social an d  food s u r v e y  o f  th e  
e ld e r ly  l iv in g  alone o r  as m a rr ied  co u p le s .  B r i t .  J .  N u t r . ,  7: 160,
1953.
BRANSBY, E .R .  T he  n u t r i t io n  of male in d u s t r i a l  w o rk e rs  w ith 
p a r t i c u la r  r e f e r e n c e  to  in ta k e  a n d  e x p e n d i tu r e  of ca lo r ie s .  B r i t .  J .  
N u t r .  8 :100 , 1954.
B r i ta in  n e e d s  a food an d  h e a l th  po licy : th e  g o v e rn m e n t m ust face i t s  
d u ty .  E d i to r ia l ,L a n c e t  2 :434 , 1986.
BRITISH  MEDICAL ASSOCIATION. R ep o r t  of th e  Committee on 
N u tr i t io n .  London: B .M .A . ,  1950.
BROWN, P . T . ,  BERGAN, J . G . ,  PARSONS, E . P . ,  an d  KROL, I.
D ie ta ry  s t a t u s  of e ld e r ly  p eo p le .  J .  Am. Diet. A ssoc . 71 :41, 1977.
BRUN, T . ,  WEBB, P . ,  RACK, MJ. , BLACKWELL, F . A ssessm en t of 
th e  d i a ry - r e s p i r o m e te r  te c h n iq u e  fo r  th e  m easurem en t of th e  2 4 -h o u r  
e n e r g y  e x p e n d i tu r e .  In : R ep o r t  o f  an  EC W orkshop, W ageningen , The 
N e th e r l a n d s .  E u ro .  N u t .  R ep o r t  5: 139, 1984.
BURKE, B .S .  T he  d ie ta r y  h i s to r y  as  a tool in  r e s e a r c h .  J .  Am.
Diet. A sso c .  23: 1041, 1947.
BURTON, B . T .  an d  FOSTER, W.R. Health  im plications of o b e s i ty :  an 
NIH C o n s e n s u s  D evelopm ent C o n fe ren c e .  J .  Am. D iet. Assoc 85: 1117, 
1985.
BUSKIRK, E . R . ,  HARRIS, D, MENDEZ, J ,  an d  SKINNER, J .
C om parison  of two a s s e s sm e n ts  of p h y s ic a l  a c t iv i ty  an d  a s u r v e y  method 
fo r  ca lo rie  in t a k e .  Am. J .  C lin . N u t r .  24:1119, 1971.
3
CANADA FITNESS SURVEY. F i tn e s s  a n d  L ife s ty le  in  C a n a d a ,  F i tn e ss  
a n d  a m a te u r  s p o r t  C an ad a .  O ttow a, 1983.
CASPERSON, C . J . ,  POWELL, K .E .  a n d  CHRISTENSON, G.M. P h y s ica l  
a c t iv i t y ,  e x e r c i s e ,  an d  p h y s ic a l  f i tn e s s :  d e f in i t io n s  an d  d is t in c t io n s  fo r  
h e a l t h - r e l a t e d  r e s e a r c h .  P u b .  H lth . R ep s :  100, 131, 1985.
CA TH CA RT, E .P .  Some of th e  d if f icu lt ie s  in  th e  q u a n t i ta t iv e  
a s s e s s m e n t  o f  hum an d ie t s .  N u t r .  A b s t r .  a n d  R e v . :  1, 6, 1931.
CA TH CA RT, E .P .  a n d  MURRAY, A .M .T .  T he  v a l id i ty  o f  family 
c o e f f ic ie n ts .  J .  N u t r .  I l l :  483, 1931.
CHEYNE, G. An E ssa y  o f  H ealth  an d  Long' Life. London: G eorge 
S t r a h a n ,  1725. C ited  b y  B eeu w k es ,  A .M .,  1952.
CHITTENDEN, R .H .  P hysio log ica l Economy in  N u tr i t io n .  L ondon , 
H einem ann , 1905. C ited  b y  S h erm an , 1954.
CHOPE, H .D . an d  DRAY, S. T he  n u t r i t io n a l  s t a t u s  o f  th e  a g in g .
Calif. Med. 74: 105, 1951.
CHRISTENSEN, E .H .  P hysio log ica l ev a lu a t io n  o f  w ork  in  th e  N y k ro p p a  
i ro n  w o rk s .  E rgonom ics  Socie ty  Symposium on F a t ig u e .  E d . W.F. In  
F loyd a n d  A .T .  W elford, 93, 1953. C ited  b y  D u rn in  a n d  P assm ore ,  
1967.
Committee on Medical A sp e c ts  of Food Policy , Diet a n d  C a rd io v a sc u la r  
D isease .  Rep H ealth  Soc S u b j ,  No. 28: London: DHSS, 1984.
COMFORT, A. T e s t  b a t t e r y  to m easu re  a g in g  r a t e  in  man. L ancet 2, 
1411, 1969.
C U R TIS , D .E .  a n d  BRADFIELD, R . B . L o n g - te rm  e n e r g y  in ta k e  and  
e x p e n d i tu r e  o f  o b ese  h o u se w iv e s .  Am. J .  C lin . N u t r .  24:1410, 1971.
DAVIDSON, C . S . ,  LIVERMORE, J . , ANDERSON, P . ,  an d  KAUFMAN, S. 
T he  n u t r i t io n  of a g ro u p  of a p p a re n t ly  h e a l th y  a g in g  p e r s o n s .  Am. J .  
C lin .  N u t r . ,  10:181, 1962.
DAVIDSON a n d  PASSMORE. Human n u t r i t io n  an d  d ie te t ic s ,  8 th  ed i t io n ,  
E d s .  R . P assm ore  a n d  M.A. Eastw ood . C h u rc h i l l ,  L iv in g s to n ,
E d i n b u r g h ,  1986.
DeBOER, J . O . ,  VAN ES, A . J . H . ,  VAN RA A IJ, J .M .A .  and  HAUTVAST, 
J . G . A . J .  A d a p ta t io n  o f  24 h o u r  metabolism d u r in g  an  8 week 
c o n su m p tio n  of a low e n e r g y  d ie t .  In :  R ep o r t  of an  EC W orkshop, 
W a g e n in g e n , T he  N e th e r l a n d s ,  E u ro .  N u t.  R ep o r t  5: 204, 1984.
DEBRY, G . ,  BLEYER, R. , MARTIN, J .M . N u tr i t io n  of th e  e ld e r ly .  J .  
Hum. N u t r .  31 :195, 1977. C ited  b y  E x ton  Smith, 1982.
4
D eV R IE S , H. A . P hysio log ica l e f fe c ts  o f  an  e x e rc is e  t r a in in g  reg im en  
u p o n  men a g e d  52-88. J .  o f  G e ro r t . ,  24 :325-336, 1970.
D eV RIES, H .A . P hys io lo g y  o f  e x e rc is e  a n d  a g in g .  In  A g in g ,  Scien tif ic  
P e r s p e c t iv e s  an d  Social I s s u e s .  W oodruff, D .S .  a n d  J . E .  B i r r e n  ( e d s ) .  
D V an N o s t ra n d  C om pany, 1975.
D . H . S . S .  Recommended in ta k e s  of n u t r i e n t s  fo r  th e  U nited  Kingdom. 
R e p .  P ub lic  H ealth  Med. S u b j.  No. 120 L ondon: H .M .S .O . ,  1969.
D . H . S . S .  N u tr i t io n  s u r v e y  of th e  e ld e r ly .  R e p o r t  on  Public  Health  
a n d  Medical S u b jec ts  No. 3. L ondon , H .M .S .O . ,  1972.
D . H . S . S .  N u tr i t io n  an d  h e a l th  in  old a g e .  R e p o r t  on Health  and  
Social S u b je c ts  No. 16, H .M .S .O .  L ondon , 1979(a) .
D . H . S . S .  Recom mended daily  am ounts  of food e n e r g y  an d  n u t r i e n t s  for 
g r o u p s  o f  peop le  in  th e  U n ited  Kingdom. R e p o r t  on H ealth  an d  Social 
S u b je c t s ,  No. 15, L ondon: H .M .S .O . ,  197 9 (b ) .
DOUGLAS, C .G .  A m ethod fo r  d e te rm in in g  th e  to ta l  r e s p i r a to r y  
e x c h a n g e  in  man. J .  P hys io l .  4 2 :XVII, 1911.
DOUGLAS, C .G .  T he  developm ent of e x p e r im en ta l  m ethods fo r  
d e te rm in in g  th e  e n e r g y  e x p e n d i tu r e  of m an. P ro c .  N u t r .  Soc. 15: 72, 
1956.
DUBOIS, E .F .  The n e g le c te d  field  of h e a t  lo s s .  N u t r .  R ev .  1: 385, 
1943.
DURNIN, J .V .G . A .  an d  EDWARDS, R .G .  Pu lm onary  v en t i la t io n  as an 
in d e x  of  e n e r g y  e x p e n d i tu r e .  Q u a r t .  J .  E x p .  P hysio l XL: 370, 1955.
DURNIN, J .V .G . A .  E n e rg y  e x p e n d i tu r e  in  th e  e ld e r ly .  P ro c .
N u t r .S o c .  15: 89, 1956.
DURNIN, J .V .G . A .  T he  d ec rem en t in  calorie  r e q u ire m e n ts  w ith 
in c r e a s in g  age  in  women. J .  P h y s io l . ,  136:13, 1956.
DURNIN, J .V .G . A .  T he d a y - to - d a y  v a r ia t io n  in  in d iv id u a l  food in ta k e  
a n d  e n e r g y  e x p e n d i tu r e .  J .  P hys io l .  136:34, 1957.
DURNIN, J .V .G . A .  T he  u se  of s u r fa c e  a re a  an d  of b o d y  w eigh t as 
s t a n d a r d s  of r e f e r e n c e  in  s tu d ie s  on hum an e n e r g y  e x p e n d i tu r e .  B r i t .  
J .  N u t r .  13: 68, 1959.
DURNIN, J .V .G . A .  U n p u b lish ed  d a ta  on g ro u p s  of y o u n g  S co tt ish  
m en.
DURNIN, J .V .G . A .  The d ie ta ry  in ta k e  of th e  e ld e r ly .  In W.F. 
A n d e rs o n  a n d  B. I saacs  ( e d s . )  C u r r e n t  ach ievem ents  in  g e r ia t r i c s .  
C a sse l .  L ondon , 1964.
5
DURNIN, J . V .G . A  a n d  WHEATCROFT, J . J .  T he  a n a ly s is  o f  n u tr i t io n a l  
s u r v e y s  on  la rg e  p o p u la t io n s .  In :  "C o m p u te rs  in  th e  H osp ita l S erv ice"  
W este rn  R egional H osp ita l B o a rd ,  G lasgow , (S co tlan d )  S ession  4, 72, 
1965.
DURNIN, J . V . G . A .  A ge ,  p h y s ic a l  a c t iv i ty  a n d  e n e r g y  e x p e n d i tu r e .  
P ro c .  N u t r .  Soc. 25 :107, 1966.
DURNIN, J . V . G . A .  A c tiv ity  p a t t e r n s  in  th e  com m unity . In : P ro c e e d in g s  
o f  I n te rn a t io n a l  Symposium on P h y s ica l  A c t iv i ty  a n d  H ea lth .  C an . Med. 
A sso c .  J . ,  96 :882, 1967.
DURNIN, J . V . G . A .  I n d i r e c t  c a lo r im e try  in  man; a c r i t iq u e  o f  p ra c t ic a l  
p ro b le m s .  P ro c .  N u t r .  Soc. 3 7 :5 ,  1978.
DURNIN, J . V . G . A .  E n e rg y  ba lan ce  in  man w ith  p a r t i c u la r  r e f e r e n c e  to  
low i n t a k e s .  B ib l th c a ,  N u t r .  D ieta : 27, 1, 1979.
DURNIN, J . V . G . A .  T he  g a s t ro in te s t in a l  system  -  n u t r i t io n .  In 
B r o c k l e h u r s t , J . C .  ( e d )  T e x tb o o k  of g e r ia t r i c  medicine an d  
g e ro n to lo g y ,  1 983 (a ) .
DURNIN, J . V . G . A .  B ody  com position an d  e n e r g y  e x p e n d i tu r e  in  
e ld e r ly  p e o p le .  B ib l th c a  N u t r .  D ie ta ,  33 :16 , 1983 (b ) .
DURNIN, J . V . G . A .  Some p rob lem s in  a s s e s s in g  th e  ro le  of p h y s ic a l  
a c t iv i ty  in  th e  m a in tenance  o f  e n e r g y  b a la n c e .  In :  Pollitt E . ,  A m ante, 
P . ,  e d s .  E n e rg y  in ta k e  an d  a c t iv i ty .  C u r r e n t  to p ics  in  n u t r i t io n  and  
d is e a s e ,  Vol 11: New Y ork : A lan R. L is s ,  In c ,  1984(a) .
DURNIN, J . V . G . A .  M ethodological p rob lem s of e n e r g y  e x p e n d i tu r e  
m e a su re m e n ts  in  f ie ld  con d it io n s  in  th e  a s se s sm e n t  o f  e n e r g y  ba lan ce .
In :  R e p o r t  o f  EC w ork sh o p  on hum an e n e r g y  metabolism; p h y s ic a l  
a c t iv i ty  a n d  e n e r g y  e x p e n d i tu r e  m easu rem en ts  in  epidemiological 
r e s e a r c h  b a s e d  u p o n  d i r e c t  an d  in d i r e c t  c a lo r im e try .  E u ro .  N u tr .
R e p o r t  5. W agen ingen , T he  N e th e r la n d s ,  1984(b ) .
DURNIN, J . V . G . A .  T he  e n e r g y  co s t  o f  e x e rc is e .  P ro c .  N u t r .  Soc. 44: 
273, 1985.
DURNIN, J . V . G . A .  E n e rg y  r e q u i re m e n ts  o f  p r e g n a n c y ;  an  in te g ra t io n  
o f  th e  lo n g i tu d in a l  d a ta  from th e  f iv e - c o u n t r y  s tu d y .  L ancet 2:1131,
1987.
DURNIN, J . V . G . A . ,  BLAKE, E .C .  an d  GZELL, D. U n p u b lish ed  d a ta  
on  Swiss men a n d  women.
DURNIN, J . V . G . A .  a n d  BROCKWAY, J .M . U n p u b lish ed  d a ta  on g ro u p s  
o f  y o u n g  S co t t ish  women.
6
DURNIN, J .V .G . A  a n d  MIKULICIC, V. T he  in f lu en ce  of g r a d e d  
e x e rc i s e s  on  th e  o x y g e n  co n su m p tio n ,  p u lm o n a ry  v e n t i la t io n  a n d  h e a r t  
r a t e  o f  y o u n g  an d  e ld e r ly  m en. Q u a r t .  J .  E x p .  P hysio l 41: 442, 1956.
DURNIN, J . V . G . A . ,  BLAKE, E .C .  an d  BROCKWAY, J .M . T he e n e rg y  
e x p e n d i tu r e  an d  food in ta k e  of m id d le -ag e d  Glasgow housew ives  and  
th e i r  a d u l t  d a u g h t e r s .  B r i t .  J .  N u t r .  11 :85 , 1957.
DURNIN, J . V . G . A .  a n d  NAMYSLOWSKI, L. In d iv id u a l  v a r ia t io n s  in  th e  
e n e r g y  e x p e n d i tu r e  o f  s ta n d a r d i s e d  a c t iv i t ie s .  J .  P hysio l 143:573,
1958.
DURNIN, J . V . G . A .  a n d  BROCKWAY, J .M . D ete rm ina tion  of th e  to ta l  
da ily  e n e r g y  e x p e n d i tu r e  in  men b y  in d i r e c t  c a lo r im e try :  a s se s sm e n t  of
th e  a c c u ra c y  of a m odern  te c h n iq u e .  B r i t .  J .  N u t r .  13: 41, 1959.
DURNIN, J . V . G . A . ,  BLAKE, E . C . ,  ALLEN, M .K .,  SHAW, E . J . ,
WILSON , E . A . ,  BLAIR, S . ,  an d  YUILL, S .A .  T he  food in ta k e  and  
e n e r g y  e x p e n d i tu r e  o f  some e ld e r ly  men w ork in g  in  h e a v y  an d  l igh t  
e n g in e e r in g .  B r i t .  J .  N u t r . ,  15, 587, 1961(a) .
DURNIN, J . V . G . A . ,  BLAKE, E . C . ,  BROCKWAY, J .M . ,  a n d  DRURY,
E .A .  T he  food in ta k e  an d  e n e r g y  e x p e n d i tu r e  of e ld e r ly  women l iv ing
alone . B r i t .  J .  N u t r .  15: 499, 1961(b ) .
DURNIN, J . V . G . A ,  BLAKE, E . C . ,  ALLEN, M .K .,  SHAW, E . J .  and  
BLAIR, S. Food in ta k e  an d  e n e r g y  e x p e n d i tu r e  o f  e ld e r ly  women with 
v a r y in g  s ized  families. J .  N u tr .  75 :73, 1961(c) .
DURNIN, J .V .G . A .  a n d  BLAKE, E . C . .  A com parison  of th e  food in ta k e  
of  e ld e r ly  women e s t im a ted  b y  th e  in d iv id u a l  in v e n to r y  and  th e  National 
Food S u rv e y  m e th o d s .  B r i t .  J .  N u tr .  16:261, 1962(a).
DURNIN, J .V .G . A .  a n d  BLAKE, E .C .  An e x p e r im en t in  d ie ta ry  s u r v e y  
m e thodo logy . P ro c .  N u t r .  Soc. 2 1 :X I ,  1962(b ) .
DURNIN, J .V .G . A .  a n d  PASSMORE, R. E n e rg y ,  Work and  L e isu re .  
L ondon , Heinem ann E duca tiona l  B ooks , 1967.
DURNIN, J . V . G . A . ,  EDHOLM, O .G . ,  MILLER, D . S . ,  an d  WATERLOW, 
J . C .  How much food does man re q u i re ?  N a tu re :  (L o n d o n ) , 242, 1973.
DURNIN, J .V .G . A .  an d  WOMERSLEY, J .  Body fa t  a s s e s s e d  from to ta l 
b o d y  d e n s i ty  an d  i t s  es tim ation  from sk in fo ld  th ic k n e s s :  m easu rem en ts  
on  481 men an women ag ed  from 16 to 72 y e a r s .  B r i t .  J .  N u tr ,  32: 77,
1974.
DURNIN, J .V .G . A .  an d  FERRO-LUZZI, A. C ondu c t in g  and  r e p o r t in g  
s tu d ie s  on hum an e n e r g y  in ta k e  and  o u tp u t :  s u g g e s te d  s t a n d a r d s .  Am.
J .  C lin . N u t r .  35:624, 1982.
7
DURNIN, J . V . G . A . ,  McKILLOP, F .M . ,  GRANT, S . a n d  FITZGERALD,
G. Is  n u t r i t io n a l  s t a t u s  e n d a n g e r e d  b y  v i r t u a l l y  no e x t r a  in ta k e  d u r in g  
p r e g n a n c y ?  L ance t 2, 823, 1985.
DURNIN, J . V . G . A ,  McKILLOP, F .M . , GRANT, S a n d  FITZGERALD, G. 
E n e rg y  r e q u i r e m e n t s  of p r e g n a n c y  in  S c o tla n d .  L ancet 2 :897 , 1987.
EASTWOOD, M .A. a n d  PASSMORE, R . D ie ta ry  f ib r e .  L an c e t ,  2 :202 ,
1983.
EDHOLM, O . G . ,  FLETCHER, J .G ,  WIDDOWSON, E .M .,  an d  McCANCE, 
R .A .  T h e  e n e r g y  e x p e n d i tu r e  a n d  food in ta k e  o f  in d iv id u a l  men. B r i t .  
J .  N u t r .  9: 286, 1955.
EL A H I, V .K . ,  ELAH I, D . ,  ANDRES, R . , TO BIN , J . D . ,  BUTLER, M.G. 
a n d  N ORRIS, A .H . A lo n g i tu d in a l  s tu d y  of n u t r i t io n a l  in ta k e  in  men.
J .  G e ro n t .  38:152, 1983.
E n e r g y  an d  p r o te in  r e q u i re m e n ts  r e v i s i t e d .E d i to r ia l .  L ancet 2: 1279, 
1985.
EU RO -N U T. A c o n c e r te d  ac t ion  p ro je c t  on n u t r i t io n  in  th e  E u ro p ea n  
Comm unity (1982-1986)
R e p o r t  1. T he d ie t  f a c to r  in  epidemiological r e s e a r c h ,  e d .  b y  J . G . A . J .  
H a u tv a s t  a n d  W. K la v e r ,  1982.
R e p o r t  2. S u rv e i l lan ce  of th e  d ie ta r y  h a b i t s  o f  th e  p o p u la t io n  with 
r e g a r d  to  c a rd io v a s c u la r  d is e a s e ,  e d .  b y  G .G . de B a c k e r ,  H. T u n s ta l l  
Pedoe a n d  P .  D uc im etie re ,  1983.
R e p o r t  5. Human e n e r g y  m etabolism: p h y s ic a l  a c t iv i ty  a n d  e n e r g y  
e x p e n d i tu r e  m e asu re m en ts  in  epidemiological r e s e a r c h  b a s e d  u p o n  d i re c t  
a n d  in d i r e c t  c a lo r im e try ,  e d .  b y  A . J .H .  v a n  E s , 1984.
EX TO N -SM ITH , A . N . ,  STANTON, B . R . ,  NEWMAN, M. an d  RAMSEY, M. 
D ie ta ry  R e p o r t  of an  in v e s t ig a t io n  in to  th e  d ie ta ry  of e ld e r ly  women 
l iv in g  a lone , K ing E d w ard s  H ospital F u n d  fo r  L ondon , 1965.
EXTON-SM ITH, A .N .  Epidemiological s tu d ie s  in  th e  e ld e r ly :  
m ethodological c o n s id e ra t io n s .  Am. J .  C lin . N u t r .  35:1273, 1982.
FAO, N u tr i t io n a l  s tu d ie s .  No. 5, Caloric r e q u i r e m e n ts :  r e p o r t  o f  th e  
Committee on Calorie R e q u ire m e n ts ,  1950.
FAO. N u tr i t io n a l  S tu d ie s ,  No. 15. Calorie r e q u i r e m e n ts :  r e p o r t  of th e  
Second  Committee on calorie  r e q u i re m e n ts  (1957).
FAO, N u tr i t io n  M eetings R ep o r t  S e r ie s ,  No. 52, WHO T e c h n .  R ep .  S e r .  
No. 522, E n e rg y  a n d  p r o te in  r e q u i r e m e n ts :  r e p o r t  o f  a jo in t FAO/WHO 
Ad Hoc E x p e r t  Committee, 1973.
FAO/WHO/UNU E n e rg y  a n d  p r o te in  r e q u i r e m e n t s .  WHO T e c h n .  R ep .  
S e r .  No. 724, G eneva : WHO, 1985.
FERRO -LU ZZI, A . S u rv e il lan ce  o f  d ie ta r y  h a b i t s  o f  th e  p o p u la t io n  with 
r e g a r d  to  c a rd io v a s c u la r  d is e a s e s :  s ta n d a rd iz a t io n  w ith in  a n d  be tw een  
c e n t e r s .  In :  R e p o r t  of an  EC W orkshop on S u rv e il lan ce  of th e  D ie ta ry  
H ab its  o f  th e  P opu la tion  w ith  R e g a rd  to  C a rd io v a sc u la r  D isease s .  E u ro .  
N u t .  R e p o r t  2, W agen ingen , T he  N e th e r la n d s ,  1983.
FLEISCH , A. Le m etabolisme b a s a l  s t a n d a r d  e t  sa  d e te rm in a tio n  au 
moyen du  "M e tab o ca lcu la to r ."  H elve t .  Med. a c ta  18:23 , 1951.
Food a n d  N u tr i t io n  B o a rd :  Committee on D ie ta ry  A llow ances, H .N .
M unro -  C ha irm an . Recom mended D ie ta ry  A llow ances, N in th  R ev ised  
E d ition .  N ational R e se a rc h  C ouncil,  National Academ y of S c iences ,  
W ash ing ton , D .C .  1980.
FRISANCHO, A .R .  New s ta n d a r d s  of w eigh t an d  b o d y  com position b y  
fram e size  a n d  h e ig h t  fo r  a s s e s sm e n t  of n u tr i t io n a l  s t a t u s  of a d u l t s  and  
th e  e ld e r ly .  Am. J .  C lin. N u t r .  40: 808, 1984.
FRY, P . C . ,  FOX, H .M .,  an d  LINKSWILER, H. N u tr ie n t  in ta k e s  o f  
h e a l th y  o ld e r  women. J .  Am. D i e t . ' .  A s s o c . ,  42:218, 1963.
GARCIA, P . A . ,  BA TTESE, G .E . a n d  BREWSTER, W.D. L ong itud ina l 
s tu d y  of age  a n d  c o h o r t  in f lu e n c e s  on d ie ta r y  p a t t e r n .  J .  G e ro n t.  
30:349, 1975.
GARROW, J . S .  E n e rg y  b a lance  an d  o b e s i ty  in  man (2 n d  e d . )
E l s e v ie r /N o r th  H olland, Biomedical P r e s s ,  1978.
GARROW, J . S .  Weight p e n a l t ie s .  B r .  Med. J . , 1171, 1979.
GARROW, J . S .  New a p p ro a c h e s  to b o d y  com position . Am. J .  Clin.
N u t r .  35, 1152, 1982.
GARRY, R . C . ,  PASSMORE, R,WARNOCK, G .M . , a n d  DURNIN,
J . V . G . A .  S tu d ie s  on e x p e n d i tu r e  of e n e r g y  a n d  consum ption  of food b y  
m iners  a n d  c l e r k s ,  F ife ,  S co tlan d ,  1952. London: Medical R ese a rc h  
Council.  HMSO., 1955.
GARRY, P . J . ,  GOODWIN, J . S . ,  HUNT, W .C .,  HOOPER, E.M. an d  
LEONARD, A .G . N u tr i t io n a l  s t a t u s  in  a h e a l th y  e ld e r ly  pop u la t io n :  
d ie t a r y  an d  su p p lem en ta l  in t a k e s .  Am. J .  Clin. N u t r .  35:319, 1982.
GHALI, N. an d  DURNIN, J .V .G . A .  A s tu d y  of th e  e n e rg y  b a lance  of a 
woman on v a r y in g  e n e r g y  in ta k e s  d u r in g  14 m on ths .  P roc .  N u tr .  Soc.
3 6 :9 1 ( a ) .
GILLUM, H .L .  an d  MORGAN, A .F .  N u tr i t io n a l  s t a tu s  of th e  ag in g  I 
Haemoglobin le v e ls ,  p a c k e d  cell volum es an d  sed im en ta tion  r a te s  o f  577 
men a n d  women o v e r  50 y e a r s  of ag e .  J .  N u t r . ,  55: 265, 1955.
9
GOLDSTEIN, S. T he  ce l lu la r  b a s is  of a g in g .  Can Fam P h y s  30:585,
1984.
GOOR, R . ,  HOSKINGS, J .D .  , DENNIS, B . H . ,  GRAVES, K .L . ,
VVALDMAN, G . T . ,  a n d  HAYNES, S .G .  N u tr ie n t  in ta k e s  among se lec ted  
N o r th  A m erican  p o p u la t io n s  in  th e  Lipid R e s e a rc h  Clinics P rev a le n ce  
S tu d y :  com position o f  fa t  in t a k e ,  Am. J .  C lin . N u t r .  41: 299, 1985.
GREAVES, J . P .  a n d  HOLLINGSWORTH, D .F .  T r e n d s  in  food 
co n su m p tio n  in  th e  U n ited  Kingdom , World Review of N u tr i t io n  an d  
D ie te t ic s ,  Vol. 6 :3 4 ,  1966.
GREGER, J . L .  an d  S CIS COE, B . S .  Zinc n u t r i t u r e  o f  e ld e r ly  
p a r t i c ip a n t s  in  an  u r b a n  fe e d in g  p ro g ra m .  J .  Am. Diet. A ssoc .
70 :37 , 1977.
GRIEVE, J . I .  Daily a c t iv i t ie s  o f  housew ives  w ith  y o u n g  c h i ld re n  an d  
es t im ation  of e n e r g y  e x p e n d i tu r e .  E rgonom ics , 10 :25 , 1967.
GRIEVE, J . I .  H eart  r a t e  a n d  daily  ac t iv i t ie s  of housew ives  with y o u n g  
c h i ld r e n .  E rgonom ics , 15:139, 1972.
GROTKOWSKI, M.L. a n d  SIMS, L .S .  N u tr i t io n a l  kn o w led g e ,  a t t i tu d e s  
a n d  d ie ta r y  p r a c t ic e s  o f  th e  e ld e r ly .  J .  Am. D iet.  A ssoc. 72:499, 1978.
GUGGENHEIM, K .Y . N u tr i t io n  an d  n u tr i t io n a l  d is e a s e s ,  th e  evo lu tion  of 
c o n c e p ts .  T he  Collamore P r e s s ,  D .C .  H eath  an d  Com pany, L e x in g to n ,  
M a s s . ,  T o ro n to ,  1981.
HAGLUND, B . J . A .  G eograph ica l an d  socioeconomic d is t r ib u t io n  of 
p h y s ic a l  a c t iv i ty  a t  w ork  a n d  le is u re  time an d  i t s  re la t io n  to m orb id ity  
in  a Sw ed ish  r u r a l  c o u n ty .  S can d .  J .  Soc. Med. 12:155, 1984.
HALL, D .A .  G eronto logical r e s e a r c h  -  to d a y  a n d  tom orrow . Age an d  
A g e in g  5 :198 , 1976.
HAMMOND, E .C .  Smoking in  re la t io n  to  m orta li ty  a n d  m o rb id ity .  J .  
N a t.  C a n c e r  I n s t .  32:1161, 1964. C ited  b y  S y d n e y  an d  S h e p h a rd ,
1977.
HAPPOLD, F .C .  D iscuss ion  on in d iv id u a l  d ie ta ry  s u r v e y s .  P ro c .  N u tr .  
Soc. 3 :116 ,  1945.
HARPER, A .E .  O rig in  o f  recom m ended d ie ta ry  allowances -  an  h is to r ic  
o v e rv ie w . Am. J .  C lin . N u t r .  41: 140, 1985.
HARPER, A .E .  N u t r i t io n : from m yth  a n d  magic to  sc ien ce .  N u tr .
T o d a y ,  2 3 ( 1 ) :8 , 1988.
HARRIES, J .M . , HOBSON, E .A .  , and  HOLLINGSWORTH, D . F . ,  
In d iv id u a l  v a r ia t io n s  in  e n e r g y  e x p e n d i tu r e  an d  in ta k e .  P roc .  N u tr .
Soc. 21:157, 1962.
10
HEANEY, R . P . ,  GALLAGHER, J . C . ,  JOHNSTON, C . C . ,  NEER, R. , 
P A R F IL T , A .M .,  a n d  WHEDON, G .D . Calcium n u t r i t io n  a n d  bone  h e a l th  
in  th e  e ld e r ly .  Am. J .  C lin . N u t r .  36, 986, 1982.
HEGSTED, D.M . False  e s t im a tes  o f  a d u l t  r e q u i r e m e n ts .  N u t r .  R e v s .  
1 9 ,9 :2 5 7 ,  1952.
HOLLINGSWORTH, D .F .  T he  c h a n g in g  p a t t e r n s  in  B r i t i s h  food h a b i ts  
s in ce  th e  1939-45 w a r .  P ro c .  N u t r .  Soc. 20 :25 , 1961.
HORTON, E .S .  I n t ro d u c t io n ;  an  o verv iew  of th e  a s se s sm e n t  an d  
r e g u la t io n  o f  e n e r g y  ba lan ce  in  h u m a n s .  Am. J .  C lin . N u t r .  38:972,
1983.
HSU, J .M . ,  an d  DAVIS, R .L .  E d s .  H andbook  o f  g e r ia t r i c  n u t r i t io n ,  
N oyes P u b l ic a t io n s ,  New J e r s e y ,  1981.
JAMES, W .P .T .  E n e rg y  r e q u i re m e n ts  a n d  o b e s i ty .  L ancet 2 :386 , 1983.
JAMES, W .P .T .  Comments on  th e  new e q u a t io n s .  Hum. N u t r :  C lin.
N u t r .  39C: S u p p l 1, 92, 1985.
JANSEN, C . a n d  HARRILL, I .  In ta k e s  a n d  serum  levels  of p ro te in  an d  
i ro n  fo r  70 e ld e r ly  women. Am. J .  C lin. N u t r .  30:1414, 1977.
JORDAN, M. D ie ta ry  h a b i t s  of p e r s o n s  l iv in g  a lone , G e r ia t r ic s ,  9: 230,
1954.
KAMIN, H. S ta tu s  o f  th e  10th ed ition  of th e  Recommended D ie ta ry  
Allowances -  p r o s p e c t s  fo r  th e  f u tu r e .  Am. J .  C lin. N u t r .  41:165,
1985.
KEYS, A , BRO ZEK , J .  , HENSCHEL, A, MICKELSON, O, and  TAYLOR,
H .L .  T he  b io logy  o f  hum an s t a r v a t io n .  U niv . of M innesota  P r e s s ,  
M inneapolis ,  M in n . ,  1950.
KEYS, A . ,  FIDANZA, F . , KARVONEN, M .J . ,  KIMURA, N. and  
TAYLOR, H .L .  In d ice s  of r e la t iv e  w eigh t an d  o b e s i ty .  J .  C h ro n .  D is. 
25 :329 , 1972.
KIM, W.W ., KELSAY, J . L . ,  JUDD, J . T . ,  MARSHALL, M .W ., MERTZ,
W. a n d  PRA THER, E .S .  E va lua tion  of lo n g - te rm  d ie ta ry  in ta k e s  of 
a d u l t s  consum ing  s e l f - s e le c te d  d ie t s .  Am. J .  Clin. N u t r .  40:132, 1984.
KNAPP, T . R .  A m ethodological c r i t iq u e  of th e  ’’idea l w e ig h t’’ co n c e p t .  
JAMA 250:506, 1983.
KOFRA NY I, E. a n d  MICHAELIS, H .F .  Ein t r a g b a r e r  A p p a ra t  z u r  
B es tim m ung  d es  G a ss to f fw ec h se ls .  A rb e i t s p h y s io lo g ie , 11, 148, 1940. 
C ited  b y  D u rn in  an d  B ro ck w ay ,  1959.
11
KORNITZER, M. What in fo rm ation  on m an’s e n e r g y  metabolism is  most 
n e e d e d  fo r  an  ep idem io log is t .  In :  R e p o r t  o f  an  EC W orkshop on Human 
E n e rg y  Metabolism: m e asu re m en ts  in  epidem iological r e s e a r c h  b a s e d  u p o n  
d i r e c t  a n d  in d i r e c t  c a lo r im e try .  E u ro .  N u t .  R e p o r t  5, W ageningen , The 
N e th e r l a n d s ,  1984.
LaPO RTE, R . E . ,  CAULEY, J .A .  , KINSEY, C .M . ,  CORBETT, W. ,  
ROBERTSON, R . ,  BLACK-SANDLER, R . ,  KULLER, an d  L . H . ,  FALKEL, 
J .  T he  ep idem iology of p h y s ic a l  a c t iv i ty  in  c h i ld r e n ,  college s tu d e n t s ,  
m id d le -a g e d  m en, m enopausa l females a n d  m onkeys .  J .  C h ro n .  Dis. 
35 :787 , 1982.
L eague  o f  N a tio n s .  R e p o r t  on th e  p hys io log ica l b a s e s  of n u t r i t io n ,
1935.
LE B O V IT T , C. T he  food of o ld e r  p e r s o n s  l iv in g  a t  home. J .  Am 
D iet. A sso c .  463:285, 1965.
LEHMANN, G, MULLER, E .A .  a n d  SPITZER, H. D er  C a lo r ie n b e d a rf  bie
g re w e rb l i c h e r  a r b e i t .  A rb e i t s p h y s io lo g ie , 14: 166, 1949-50. C ited  b y  
D u rn in  a n d  B ro ck w ay ,  1959.
LEITCH, I .  T he  evo lu tion  of d ie ta ry  s t a n d a r d s .  H is to rical o u t l in e .  
N u t r .  A b s t r .  an d  R ev .  11: 509, 1942.
LENNER, R . A . ,  BENGTSSON, C . ,  CARLGREN, G. , ISAAKSON, B . ,  
LUNDGREN, B . K . ,  PETERSON, I ,  an d  TIBBLIN, E. The s tu d y  o f  
women in  G o th e n b u rg .  1968-69 A cta Med. Scan . 202:183, 1977.
LIFSON, N. a n d  McCLINTOCK, R. T h e o ry  of u s e  o f  th e  tu r n o v e r  r a t e s
o f  b o d y  w a te r  fo r  m e a su r in g  e n e r g y  an d  m ateria l b a la n c e .  J .  T h e o re t .  
Biol. 12: 46, 1966. C ited  b y  P re n t ic e ,  1985.
LONERGAN, M .E. , MILNE, J . S . ,  MAULE, M.M. , a n d  WILLIAMSON, J .
A d ie ta r y  s u r v e y  o f o ld e r  peop le  in  E d in b u rg h .  B r i t .  J .  N u tr .  34:517,
1975.
LYONS, J . S .  a n d  TRULSON, M .F . Food p ra c t ic e s  o f  o lde r  people
l iv in g  a t  home. J .  G e r o n t . ,  11 :66 , 1955.
MACDONALD, F .C .  Q ue te le t  In d ex  as in d ic a to r  of o b e s i ty .  Lancet 
2 :1043, 1986.
MACKENZIE, J .  T he  H is to ry  o f  Health  an d  th e  A r t  o f  P r e s e rv in g  I t .
2nd  ed i t io n .  E d in b u rg h :  Wm. G ordon , 1759. Q uoted  b y  B eeuw kes ,
1952.
MACLEOD, C . C . ,  JUDGE, T . G . ,  a n d  CAIRD, F . I .  N u tr i t io n  of th e  
e ld e r ly  a t  home, In ta k e s  of e n e r g y ,  p ro te in ,  c a rb o h y d ra te s  an d  fa t .
Age a n d  a g e in g  3 :158, 1974.
12
MACNAIR, A. N ational t r e n d s  in  m orta li ty  from ischaem ic h e a r t  
d is e a s e ;  im plica tions  fo r  p r e v e n t io n .  L ancet 1 :981 , 1986.
Male p a t t e r n  o b e s i ty  as  a r i s k  p r e d ic to r  fo r  c o ro n a ry  h e a r t  d is e a s e ,  
s t r o k e  a n d  d e a th .  N u t r .  R ev .  4 3 ,2 :4 4 ,  1985.
MARR, J.VV. In d iv id u a l  d ie ta r y  s u r v e y s :  p u r p o s e s  an d  m e th o d s .  World 
R e v .  N u t r .  D ie te t .  13:105, 1971.
MATSON, J . R .  an d  HITCHCOCK, F .A .  B asa l Metabolism in  old age .
Am. J .  P h y s io l .  110: 329, 1934.
MAZESS, R . B . ,  PEPPLER, W.W. a n d  GIBBONS, M. Total b o d y  
com position  b y  d u a l -p h o to n  a b s o rp t io m e try .  Am. J .  Clin. N u t r .  40:834,
1984.
McCANCE, R .A .  a n d  WIDDOWSON, E.M. The Composition of Foods.
S pec .  R ep .  S e r .  Med. R es .  C oun. Lond . No. 235, 1940.
McCANCE, R .A .  a n d  WIDDOWSON, E.M. M ineral metabolism of h e a l th y
a d u l t s  on w hite  an d  b r a n  b r e a d  d ie ta r ie s .  J .  P hys io l .  101:44, 1942.
McCANCE, R .A .  a n d  WIDDOWSON, E.M. The Composition o f  Foods,
S p ec .  R ep . S e r .  Med. R es .  C o u n c . ,  L ondon , n o .  297, 1960.
McGANDY, R . B . ,  BARROWS, C . H . ,  SPANIAS, A . ,  MEREDITH, A . ,  
STONE, J . L . ,  an d  NORRIS, A .H . N u tr ie n t  in ta k e s  an d  e n e rg y  
e x p e n d i tu r e  of men of d i f f e re n t  a g e s .  J .  G e ro n t.  21:581, 1966.
McGANDY, R . B . ,  M ethodological a s p e c ts  of n u tr i t io n a l  s u r v e y s  of y o u n g  
a n d  m id d le -ag e d  a d u l t s .  Am. J .  C lin. N u t r .  35:1269, 1982.
McKAY, F . C . ,  GRANT, S. an d  DURNIN, J .V .G . A .  H eigh t,  w e igh t ,  
" f a t n e s s ” a n d  b o d y  b u ild  of a la rg e  sample of B r i t i s h  a d u l ts .  P roc .
N u t r .  Soc. 4 0 :107A, 1981.
MERTZ, E . T . ,  BAXTER, E . J . ,  JACKSON, L . E . ,  RODERICK, C .E . , and  
WEIS, A. E ssen t ia l  amino ac ids  in  s e l f - s e le c te d  d ie ts  of o lde r  women.
J .  NUTR. 46: 313, 1952.
MERTZ, W. T he  new RDAs: es t im a ted  a d e q u a te  an d  safe  in ta k e  of 
t r a c e  e lem en ts  a n d  ca lcu la tion  o f  availab le  i r o n .  J .  Am. Diet. A ssoc . 
76 :128, 1980.
MERTZ, W. O ur most u n iq u e  n u t r i e n t s .  N u tr .  T oday  18, 2: 6, 1983.
MERTZ, W. an d  KELSAY, J .  Rationale  an d  d e s ig n  of th e  Beltsv ille  
o n e - y e a r  d ie ta r y  in ta k e  s tu d y .  Am. J .  C lin . N u t r .  40:132, 1984.
M etropo litan  Life In s u ra n c e  Com pany. New w eigh t s ta n d a r d s  for men 
a n d  women. S ta t is t ic a l  Bull.  4 0 :1 ,  1959.
13
M e tro p o li tan  L ife  In su rance  Company. M etropo litan  H eight and Weight 
T a b le s ,  1983.
M in is try  of A g r ic u l tu re ,  F i s h e r i e s  and Food; National Survey  Committee 
(1960). Domestic Food Consumption and E x p e n d i tu re :  1958. London: 
HMSO.
MONTOYE, H .J .  E s tim ation  of h a b i tu a l  p h y s ic a l  a c t i v i t y  by  
q u e s t io n n a ire  and in te rv ie w .  Am. J .  C lin .  N utr .  24:1113, 1971.
MORRIS, J . N . ,  MARR, J .W . ,  HEADY, J .A .  , MILLS, G .L . ,  and 
PILKINGTON, T .R .E .  Diet and p la sm a c h o le s te ro l  in  99 bank men.
B r i t .  Med. J . ,  1 :571, 1963.
MORRIS, J . N . ,  CHAVE, S .P .W .,  ADAM, C .,  SIREY, C . ,  EPSTEIN, L . ,  
and SHEEHAN, D .J .  Vigorous e x e r c i s e  in  l e i s u r e  tim e and inc idence  of 
co ro n a ry  h e a r t  d i s e a s e .  Lancet 1 :333, 1973.
MORRIS, J . N . ,  MARR, J .W . and CLAYTON, D.G. Diet and h e a r t :  a 
p o s t s c r i p t .  B r. Med. J .  2 :1307, 1977.
MORRIS, J . N . ,  EVERITT, M .G ., POLLARD, R . ,  and CHAVE, S .P .W .,  
Vigorous e x e r c i s e  in  le i s u re - t im e :  P ro te c t io n  aga in s t  co ronary  h e a r t  
d i s e a s e .  Lancet 2:1207, 1980.
MULLER, E .A . and FRANZ, H. E n erg iev e rb rau ch ssm essu n g en  be i 
b e r u f l i c h e r  A rb e i t  m it e in e r  v e r b e s s e r t e n  R e s p ira t io n s  -  G asuhr. 
A rb e i t s p h y s io lo g ie ,  14:499, 1952. C ited  by  Durnin and Brockw ay,
1959.
MUNRO, H.D. P h y s io l .  Rev, 31, 449, 1951.
MUNRO, H.N. Evolving s c ie n t i f ic  b a se s  fo r  the  Recommended D ie ta ry  
A llow ances -  a c r i t i c a l  look a t  m e thodo log ies .  Am. J .  C lin . N utr.  
41:149, 1985.
National A d v is o ry  Committee on N u tr i t io n a l  Education . A d iscu ss io n  
p a p e r  on p ro p o s a ls  fo r  n u tr i t io n a l  g u id e lin e s  fo r  h e a l th  educa tion  in 
B r i ta in .  London: H ealth  Education Council, 1983.
N ational I n s t i tu te s  of H ea l th .  Consensus Development Conference 
S ta tem en t.  H ea lth  im p lic a t io n s  of o b e s i ty .  Am. J .  In te rn .  Med.
103:147, 1985.
N ational Academy of S c iences .  Recommended d ie ta r y  a l low ances . 
R e v ise d ,  P u b l .  302, 1953.
N ational R esea rc h  Council. Recommended d ie ta r y  a l low ances .  9 th  
r e v i s e d  e d i t io n .  Washington, D .C .:  National Academy of Sciences,
N ational R esea rc h  Council, 1980.
N ational R esea rc h  C o u n c il , .  D iet, n u tr i t io n  and can ce r .  R eport of 
N ational Academy of Sc iences ,  A ssem bly  of Life S ciences ,  National
14
R e s e a rc h  C ouncil,  W ash ing ton , D .C . :  N ational A cadem y P r e s s ,  
W ash ing ton ,  1982.
NORDIN, B . E .C .  Calcium b a lan ce  a n d  calcium re q u i re m e n ts  in  sp ina l 
o s e o p o ro s is .  Am. J .  C lin. N u t r .  10: 384, 1962.
NORDIN, B . E .C .  Calcium de f ic ien cy  a n d  p o s t-m e n o p a u sa l  o s te o p o ro s is ,  
L ance t  1 :720 , 1985.
NORGAN, N .G . an d  FERRO-LUZZI, A. Hum. N u t r .  C lin . N u t r .  36:363,
1982. C ited  b y  Simopoulos, 1985.
OAKLEY, A. T he  sociology of h o u se w o rk .  P an th e o n  B ooks , 1974.
OBESITY -  A R e p o r t  of th e  Royal College of P h y s ic ia n s .  J .  o f  th e  
Royal College of P h y s ic ia n s .  17 :6 , 1983 .,  S y n o p s is ,  L an c e t ,  1 :177,
1983.
O’HANLON, P . a n d  KOHRS, M .B . D ie ta ry  s tu d ie s  of o lde r  A m ericans .
Am. J .  C lin . N u t r .  31:1257, 1978.
OHLSON, M .A . ,  RO BERTS, P . H . ,  JOSEPH, S . A . ,  a n d  NELSON, P.M . 
D ie ta ry  p r a c t ic e s  o f  100 women from 40-75 y e a r s  o f  ag e .  J .  Am.
D iet. A sso c .  24: 286, 1948.
OHLSON, M .A . ,  JACKSON, L. , BOEK, J .  , CEDERQUIST, D . C . ,  
BREWER, W .D .,  a n d  BROWN, E .G .  N u tr i t io n  a n d  d ie ta ry  h a b i t s  of 
a g in g  women. Am. J .  P u b .  H lth .  40: 1101, 1950.
ORR, J . B .  an d  LEITCH, I.  T he d e te rm in a tio n  o f  th e  calorie 
r e q u i r e m e n t s  o f  m an. N u tr .  A b s .  R ev .  7: 509, 1938.
ORR, J . B .  Food, H ealth  an d  Incom e, London: Macmillan a n d  Co. 1936.
PAFFENBARGER, R . S . ,  WING, A .L . ,  an d  HYDE, R . T .  P hys ica l 
a c t iv i ty  as  an  in d e x  of h e a r t  a t ta c k  r i s k  in  college alumni. Am. J .  
E p id e m . ,  108(3): 161, 1978.
PAFFENBARGER, R . S . ,  HYDE, R . T . ,  WING, A .L . ,  a n d  HSIEH, C. 
P h y s ica l  a c t iv i ty ,  a l l -c a u se  m orta li ty  an d  lo n g e v i ty  o f  college alumni. 
New. E n g .  J .  Med. 314: 605, 1986.
PALMORE E , ( e d ) ,  Normal a g in g ,  r e p o r t  from th e  D uke long itud ina l  
s t u d y ,  1955-69, D urham , N .C . ;  D uke U n iv e rs i ty  P r e s s ,  1970.
P anel on N u tr i t io n  of th e  E ld e r ly .  A n u t r i t io n  s u r v e y  of th e  e ld e r ly .  
D .H .S . S .  R ep .  H ealth  Soc. Sub j.  No. 3, London: H .M .S .O . ,  1972.
PASSMORE, R . ,  THOMSON, J . G . ,  an d  WARNOCK, G.M. A ba lance  
s h e e t  o f  th e  es tim ation  of e n e r g y  in ta k e  an d  e n e rg y  e x p e n d i tu r e  as 
m e a su re d  b y  in d i r e c t  c a lo r im e try ,  u s in g  th e  K ofranyi-M ichaelis  
C a lo r im e te r .  B r i t .  J .  N u t r .  6: 253, 1952.
15
PASSMORE, R . a n d  DURNIN, J . V . G . A .  Human e n e r g y  e x p e n d i tu r e .  
P h y s io l ,  R e v .  35: 801, 1955.
PASSMORE, R . HOLLINGSWORTH, D, ROBERTSON, J .  P re s c r ip t io n  fo r  
a  b e t t e r  B r i t i s h  d ie t .  B r .  Med. J .  1 :527 , 1979.
PASSMORE, R . Food p r o p a g a n d i s t s - t h e  new p u r i t a n s .  N u t r .  Today  
2 1 .2 :  17, 1986.
PATON, D . N . ,  DUNLOP, J . C . ,  an d  INGLIS, E.M. A s tu d y  o f  th e  d ie t 
o f  th e  la b o u r in g  c la s s e s  in  E d in b u r g h ,  1900.
PAUL, A .A . a n d  SOUTHGATE, D .A .T .  McCance a n d  Widdowson’s:  The 
C om position of  F oods ,  4 th  r e v is e d  ed i t io n ,  1978.
PEKKANEN, J . , MARTI, B . ,  NISSINEN, A a n d  TUOMILEHTO, J .  
R ed u c t io n  o f  p r e m a tu re  m orta l i ty  b y  h ig h  p h y s ic a l  a c t iv i ty ;  a 2 0 -y ea r  
fo llow -up  of  m id d le -a g e d  F in ish  men. L ance t 1:1473, 1987.
P E T T , L .B .  L im itations in  th e  u s e  of d ie ta r y  s t a n d a r d s .  D if fe ren ces  in  
A m erican , B r i t i s h  a n d  C anad ian  s t a n d a r d s .  J .  Am. Diet. A ssoc . 27: 
28, 1951.
PREN TICE, A.M. A d a p ta t io n s  to  long  te rm  low e n e r g y  in ta k e .  In 
E n e rg y  In ta k e  a n d  A c tiv i ty .  Alan R. L iss ,  New Y ork , 1984.
PREN TICE, A .M .,  DAVIES, H .L . ,  BLACK, A .E . ,  e t a l .  U nexpec ted ly  
low lev e ls  of e n e r g y  e x p e n d i tu r e  in  h e a l th y  women. L an c e t ,  1:1419,
1985.
PYKE, M ., HARRISON, R . ,  HOLMES, S . ,  an d  CHAMBERLAIN, K. 
N u tr i t io n a l  v a lu e  of d ie ts  e a te n  b y  old people  in  L o n d o n , L a n c e t . 2:
461, 1947.
RAO, D .B .  Problem s o f  n u t r i t io n  in  th e  a g e d .  Am. J .  of G e r ia t r ic s  
21:364 , 1973.
R e p o r t  of th e  H ealth  a n d  N u tr i t io n  Exam ination S u rv e y  (HANES) of 
1971-74. D ie ta ry  In ta k e  S ou rce  D ata  (1979). U nited  S ta te s  1971-1974 
DHEW P u b .  No. (PH S)79-1221.
SA L LIS , J . F . ,  HASKELL, W .L .,  WOOD, P . D . ,  FORTMANN, S . P . ,  
ROGERS, T . ,  BLAIR, S . N . ,  a n d  PAFFENBARGER, J r . ,  R .S .  P hysica l 
a c t iv i ty  a s s e s sm e n t  m ethodology  in  th e  F iv e -C i ty  P ro je c t .  Am. J .
Epidem . 121:91, 1985.
SALVOSA, C . B . ,  PAYNE, P . R . ,  an d  WHEELER, E .F .  E n e rg y  
e x p e n d i tu r e  o f  e ld e r ly  people  l iv ing  alone o r  in  local a u th o r i ty  hom es. 
Am. J .  o f  C lin . N u tr .  24:1457, 1971.
16
SCHNEIDER, E .L .  , VINING, E .M .,  HADLEY, E . C . ,  a n d  FARNHAM,
S .A .  Recom m ended d ie ta r y  allow ances a n d  th e  h e a l th  of th e  e ld e r ly .  
New E n g .  J .  Med. 314:157, 1986.
SCHOFIELD, W .N .,  SCHOFIELD, C . ,  a n d  JAMES, W .P .T .  B asal 
m etabolic  r a t e  -  rev iew  an d  p r e d ic t io n ,  to g e th e r  w ith  an  a n n o ta te d  
b ib l io g ra p h y  o f  s o u rc e  m a te r ia l .  Hum. N u t r . :  C lin . N u tr .  39C,
S u p p . l ,  5 , 1985.
r
SCHUTZ, Y. a n d  JEQUIER, E. E n e rg y  E x p e n d i tu r e .  L ancet 1:101,
1986.
S c o t t ish  C o ro n a ry  H ea r t  D isease  a n d  th e  S co tt ish  H eart  H ealth  S tu d y .  
C o n fe ren c e  r e p o r t ,  L ancet 1 :1177, 1988.
SHERMAN, H .C .  C h em is try  o f  Food an d  N u tr i t io n ,  New Y ork:
Macmillan, 1933. C ited  b y  S h erm an , 1952.
SHERMAN, H .C .  C h em is try  o f  Food an d  N u tr i t io n ,  8 th  ed i t io n .  New
Y o rk ,  MacMillan C o . ,  1952.
SIDNEY, K .H .  an d  SHEPHARD, R . J .  A c tiv i ty  p a t t e r n s  of e ld e r ly  men 
a n d  women. J .  of G e ro n t .  32 :25 , 1977.
SIMOPOULOS, A .P .  T he  h e a l th  im plications of o v e rw e ig h t  a n d  o b e s i ty .  
N u t r .  R ev .  :43 , 33, 1985.
SOUTHGATE, D .A .T .  an d  DURNIN, J .V .G . A .  Calorie co n v ers io n  
f a c to r s .  An e x p e r im en ta l  r e a s s e s s m e n t  of th e  f a c to rs  u s e d  in  th e  
ca lcu la t ion  o f  th e  e n e r g y  v a lu e  of hum an d ie t s .  B r i t .  J .  N u tr .  24: 517, 
1970.
STANTON, B .R .  an d  EXTON-SMITH, A .N .  L ong itud ina l s tu d y  of th e  
d ie ta r y  o f  e ld e r ly  women. K ing E d w a rd 's  H ospita l F u n d  fo r  London, 
L ondon , 1970.
STA RE, F . J .  A member of T he  D ie ta ry  G uidelines Revision  Committee 
d i s s e n t s .  N u t r .  T o d ay ,  2 1 .1 :2 3 ,  1986.
S ta t is t ic a l  P ack ag e  fo r  th e  Social S e rv ice s  ( S . P . S . S . )  V ers ion  9 
(V ogelback  C om puting  C e n te r ,  N o r th w e s te rn  U n iv e r s i ty ,  1984
STEEN, B . ,  ISAAKSON, B . a n d  SVANBORG, A. In ta k e  of e n e rg y  and  
n u t r i e n t s  a n d  meal h a b i t s  in  70- y e a r -o ld  males a n d  femlales in  
G o th e n b u rg ,  S w eden . A p o p u la tio n  s tu d y .  A c ta .  Med. S can d . ( s u p p l ) , 
61 :39 , 1977.
STEINKAMP, R . C . ,  COHEN, N .L .  an d  WALSH, H .E .  R e s u rv e y  of an 
a g in g  p o p u la t io n - fo u r te e n  y e a r  fo llow -up . J .  Am. D iet. A s ^ e  46:103, 
1965.
17
TAYLOR, E .C .  T h e  im pact o f  com pu te r  a n a ly s is  on  th e  d e s ig n  of 
d i e t a r y  s u r v e y s .  P ro c .  N u t r .  Soc. 29:135, 1970.
TAYLOR, H .L .  a n d  KEYS, A. A d ap ta t io n  to  calorie  r e s t r i c t io n .  
S c ie n ce ,  112: 215, 1950.
TAYLOR, H . L . , JA CO BS, J r . ,  D . R . ,  SCHUCKER, B . ,  KNUDSEN, H . ,  
LEON, A . S . ,  an d  DeBACKER, D. A q u e s t io n n a ir e  fo r  th e  a sse s sm e n t  
o f  le is u re - t im e  p h y s ic a l  a c t iv i t ie s .  J .  C h ro n .  D is. 31: 741, 1978.
TAYLOR, C . B . ,  COFFEY, T . ,  BERRA, K . ,  e t  a l . , S e v e n -d a y  a c t iv i ty  
a n d  s e l f - r e p o r t  com pared  to  a  d i r e c t  m easu re  of p h y s ic a l  a c t iv i ty .  Am. 
J .  Epidem . 120:818, 1984.
THOMPSON, J . K . ,  JARV IE, G . J . ,  LAHEY, B . J .  a n d  CURETON, K .J .  
E x e rc ise  a n d  o b e s i ty :  e t io logy ,  p h y s io lo g y  an d  in te rv e n t io n .  
P sycho log ica l B ull .  91 :55 , 1982.
TODHUNTER, E . N . ,  HOUSE, F . a n d  VANDER ZWAGG, R. Food 
a c c e p ta n c e  a n d  foot a t t i t u d e s  o f  th e  e ld e r ly  as  a b a s is  fo r  p la n n in g  
n u t r i t io n  p ro g ra m s .  N ashv ille ,  T e n n . :  T en n e sse e  Commission on A g ing ,  
1974.
TRUSWELL, A .S .  T he  n e e d  fo r  ch a n g e  in  food h a b i t s  from a medical 
v ie w p o in t .  P ro c .  N u t r .  Soc. 36:307, 1977.
VAN ES, A . J .H .  R e s u l t s  of e n q u i ry  on ca lo rim etric  equ ipm en t and  
e x p e r im e n ta l  r o u t in e s  fo r  s tu d ie s  in  w hich hum an e n e rg y  metabolism is 
followed fo r  24h a n d  lo n g e r .  In :  R ep o r t  of an  EC Workshop on Human 
E n e rg y  Metabolism: p h y s ic a l  a c t iv i ty  a n d  e n e rg y  e x p e n d i tu re  
m e asu re m en ts  in  epidemiological r e s e a r c h  b a s e d  u pon  d i re c t  an d  in d i re c t  
c a lo r im e try .  E u ro .  N u tr .  R ep o r t  5, W ageningen , The N e th e r la n d s ,
1984.
VAN RA A IJ, J .M .A . ,  VERMATT-MIEDEMA, S . H . ,  SCHONK, C .M .,
PEEK, M .E.M . a n d  HAUTVAST, J . G . A . J .  E n e rg y  r e q u ire m e n ts  of 
p r e g n a n c y  in  T he  N e th e r la n d s ,  L ancet 2 :953 , 1987.
VAN STAVEREN, W.A. an d  BUREMA, J .  S u rv e il lan ce  of d ie ta ry  h a b i ts  
o f  th e  p o p u la t io n  with r e g a r d  to  c a rd io v a s c u la r  d ise a se s :  v a l id i ty  and  
r e p ro d u c ib i l i ty  o f  m e th o d s .  In :  R e p o r t  o f  an  EC Workshop on 
S u rv e i l lan ce  o f  th e  D ie ta ry  H ab its  of th e  Popu la tion  w ith R eg a rd  to 
C a rd io v a sc u la r  D isease s .  E u ro .  N u t.  2. W ageningen , T he  N e th e r la n d s ,
1983.
V IR , S .C .  an d  LOVE, A .H .G .  N u tr i t io n a l  s t a tu s  o f  in s t i tu t io n a l ized  
a n d  n o n - in s t i tu t io n a l iz e d  ag ed  in  B e l fa s t ,  N o r th e rn  I r e la n d .  Am. J .
C lin . N u t r .  32:1934, 1979.
WASHBURN, R .A .  an d  MONTOYE, H .J .  T he  a s se s sm en t  of p h y s ic a l  
a c t iv i ty  b y  q u e s t io n n a i re .  Am. J .  Epidem. 123:563, 1986.
18
WEBB, P .  A h i s to r y  o f  e n e r g y  metabolism c o n c e p ts  a n d  m e a su re m e n ts .  
In :  R e p o r t  o f  an  EC W orkshop on Human E n e rg y  Metabolism: p h y s ic a l  
a c t iv i ty  a n d  e n e r g y  e x p e n d i tu r e  m easu rem en ts  in  epidemiological 
r e s e a r c h  b a s e d  u p o n  d i r e c t  a n d  in d i r e c t - c a lo r im e t r y . E u ro .  N u t.
R e p o r t  5 , W agen ingen ,  T he  N e th e r l a n d s ,  1984.
WHEATCROFT, J . J .  D ata  on g ro u p s  of S c o tt ish  men a n d  women, 
U n p u b l is h e d  M a n u sc r ip t .
WHITE, F .M .M . , PEREIRA, L .H .  an d  GARNER, J . B .  A ssocia tions  of 
b o d y  m ass  in d e x  a n d  w ais t:  h ip  ra t io  w ith  h y p e r te n s io n .  C an . Med.
A s s .  J .  135:313, 1986.
WHITE, P .L .  S e t t in g  new d ie t  a n d  h e a l th  d i r e c t io n s .  N u tr .  T oday  
2 1 ,4 :4 ,  1986.
WIDDOWSON, E.M. A s tu d y  o f  E ng lish  d ie ts  b y  th e  in d iv id u a l  m e thod , 
P a r t  1. Men. J .  H yg . ( L o n d . ) :  36, 293, 1936.
WIDDOWSON, E.M . a n d  McCANCE, R .A .  A s tu d y  o f  E n g lish  d ie ts  b y  
th e  in d iv id u a l  m e thod . P a r t  I I .  Women. J .  H yg. ( L o n d . ) :  36, 293,
1936.
WIDDOWSON, E .M .,  EDHOLM, O .G . ,  a n d  McCANCE, R .A .  In ta k e  an d  
e n e r g y  e x p e n d i tu r e  o f  c a d e ts  in  t r a in in g .  B r i t .  J .  N u tr .  8: 147, 1954.
WOOD, P . D . ,  STEFANIK, M .L . ,  DREON, D.M. e t  a l .  C h an g es  in  
p lasm a l ip id s  a n d  l ip o p ro te in s  in  o v e rw e ig h t  men d u r in g  w eight loss  
th r o u g h  d ie t in g  as  com pared  with e x e rc is e .  New E n g .  J .  Med. 319:1173,
1988.
YASIN, S . ,  ALDERSON, M .R . ,  MARR, J .W . ,  e t  a l .  A ssessm en t of 
h a b i tu a l  p h y s ic a l  a c t iv i ty  a p a r t  from o c cu p a t io n .  B r .  J .  P r e v .  Soc.
Med. 21:163, 1967.
YEARICK, E . S . ,  WANG, M .S .L . ,  a n d  PISIA S, S . J .  N u tr i t io n a l  s ta tu s  
o f  th e  e ld e r ly ,  d i e ta r y  a n d  biochem ical b in d in g s .  J .  G e ro n t.  15:663, 
1980.
YOUNG, C .M . ,  HAGAN, G . C . ,  TUCKER, R . E . ,  FOSTER, W.D. A 
com parison  of  d ie ta r y  s tu d y  m e th o d s .  I I .  D ie ta ry  h i s to r y  v s .  s ev en  day  
r e c o r d s  v s .  2 4 -h o u r  re c a l l .  J .  Am. D iet.  A ssoc . 28, 218, 1952.
YOUNG, C.M. a n d  TRULSON, M .F. M ethodology for  d ie ta ry  s tu d ie s  in  
ep idem iological s u r v e y s  I I - S t r e n g th s  a n d  w e a k n e sse s  o f  e x is t in g  
m e th o d s .  Am. J .  P u b .  H lth .  50:803, 1960.
ZUNTZ, N . ,  LOEWY, A . ,  MULLER, F an d  CASPARI, W. 1906 C ited  b y  







OF MEN AND WOMEN AGED 50-75 YEARS
b y
ELAINE C. TAYLOR (Nee Blake)
T H E S I S
s u b m it te d  fo r  th e  d e g re e  of
DOCTOR OF PHILOSOPHY
F a c u l ty  of Science 
U n iv e rs i ty  of Glasgow
VOLUME II 




L ist of T ab les  ii
T ab le s  1-61
List of F ig u re s  viii
F ig u re s  62-77
A p p e n d ix  1(a) O rig ina l D ata  fo r  In d iv id u a ls  78-82
A p p en d ix  1 (b) D er iv ed  D ata fo r  In d iv id u a ls  83-88
A p p en d ix  II M ann-W hitney U a n d  P -V a lues  89-100
A p p en d ix  III BMR ( FAQ/W HO/UNU, 1985) a n d  f a c to r s  fo r  to ta l
e n e r g y  e x p e n d i tu r e  an d  to ta l  e n e r g y  in ta k e  d e r iv e d
from them  fo r  each  in d iv id u a l .  101-105
CHAPTER
3. H is to rical 
T ab le  3.1
5. M ethods 
T ab le  5 .1
T able  5 .2 
Table  5 .3
6. R e su l ts  
Tab le  6 .1
Table  6 .2
T able  6.3
Table  6 .4
Table  6.5 
Tab le  6 .6  
T ab le  6.7
LIST OF TABLES
Review
Age d is t r ib u t io n  of  p o p u la t io n  of G rea t B r i ta in  
a n d  N o r th e rn  I r e la n d ,  1871 -  1961.
O ccupa tion ,  a g e ,  s e x ,  ty p e  of sam ple , spec ia l  
c h a r a c te r i s t i c s  a n d  occupa tiona l  a c t iv i ty  level 
o f  f if teen  g ro u p s  of men and  women.
C a teg o r ie s  of p h y s ic a l  a c t iv i ty :  e n e r g y  e x p e n d e d  
(k ca l /m in )  b y  r e f e r e n c e  man.
C a teg o r ie s  of p h y s ic a l  a c t iv i ty :  e n e r g y  e x p e n d e d  
(kca l /m in )  b y  r e f e r e n c e  woman.
Mean v a lu e s ,  s t a n d a r d  d ev ia t io n s  an d  r a n g e s  fo r  
ag e ,  h e ig h t  an d  b o d y  w eigh t an d  b o d y  mass in d e x  
(BMI) of e ig h t  g ro u p s  o f  men.
Mean v a lu e s ,  s t a n d a r d  d ev ia tio n s  an d  r a n g e s  for 
ag e ,  h e ig h t ,  b o d y  w e ig h t ,  an d  b o d y  mass in d e x  
(BMI) of five  g r o u p s  of women.
Mean v a l u e s , s t a n d a r d  d ev ia tio n s  an d  r a n g e s  for 
daily  e n e rg y  in t a k e ,  daily  e n e r g y  e x p e n d i tu r e ,  th e  
d if fe re n c e  b e tw ee n  e n e rg y  in ta k e  an d  e x p e n d i tu r e  
an d  th e  a v e ra g e  of e n e r g y  in ta k e  an d  e x p e n d i tu r e  of 
e ig h t  g ro u p s  of men.
Mean v a l u e s , s t a n d a r d  dev ia t io n s  an d  r a n g e s  for 
daily  e n e r g y  i n t a k e , daily  e n e r g y  e x p e n d i t u r e , th e  
d if fe re n ce  b e tw e e n  e n e r g y  in ta k e  an d  e x p e n d i tu r e  and  
th e  a v e ra g e  of e n e r g y  in ta k e  and  e x p e n d i tu r e  of five 
g ro u p s  of women.
In ta k e  an d  e x p e n d i tu r e  of e n e r g y  of e ig h t  g ro u p s  of 
men e x p r e s s e d  p e r  k ilogram  of b ody  w e ig h t ,  means and  
s t a n d a r d  d e v ia t io n s .
In ta k e  a n d  e x p e n d i tu r e  of e n e r g y  of fo u r  g ro u p s  of 
women e x p r e s s e d  p e r  k ilogram  of b o d y  w e ig h t ,  means 
and  s t a n d a r d  d e v ia t io n s .
Mean daily  in ta k e  of p r o te in ,  f a t ,  c a r b o h y d r a te  














T able  6 .8
T able  6 .9
Table  6 .10
Table 6.11 
Table 6 .12 
T ab le  6 .13 
T ab le  6 .14 
T ab le  6.15
Table  6 .16
Table  6.17
Table  6 .18
Table  6 .19 
Table  6.20
Table  6 .21
LIST OF TABLES
PAGE
Mean da ily  in ta k e  of p r o te i n ,  f a t ,  c a r b o h y d r a t e
calcium a n d  i ro n  b y  f ive  g ro u p s  o f  women. 11
C o n tr ib u t io n  o f  p r o te in ,  f a t ,  c a r b o h y d r a t e  an d
alcohol to th e  to ta l  e n e r g y  v a lue  of th e  d ie ts  o f
e ig h t  g ro u p s  of men. 12
C o n tr ib u t io n  o f  p r o te in ,  f a t ,  c a rb o h y d ra te  
to  th e  to ta l  e n e r g y  v a lu e  of th e  d ie ts
of  f ive g ro u p s  of women. 13
Mean daily  e n e r g y  e x p e n d i tu r e  o f  e ig h t  g ro u p s  o f  men. 14
Mean daily  e n e r g y  e x p e n d i tu r e  of fo u r  g r o u p s  of women. 15
Mean daily  e n e r g y  in ta k e  o f  five g ro u p s  of women. 16
Mean daily  e n e r g y  in ta k e  o f  e ig h t  g ro u p s  of men. 17
Mean daily  in ta k e  of p ro te in  p e r  kilogram  b o d y  w eigh t 
b y  five g ro u p s  of women. 18
Mean daily  in ta k e  of p ro te in  p e r  k ilogram  b o d y  w eigh t 
b y  e ig h t  g ro u p s  of m en. 19
E x p e n d i tu re  of time in  b ed  and  in  o ccu p a t io n a l ,  n o n -
o ccu p a tio n a l ,  a n d  re la x a t io n  ac t iv i t ie s  b y  e ig h t
g ro u p s  of men a n d  fo u r  g ro u p s  of women. 20
C o n tr ib u t io n  of b e d  an d  o ccu p a tio n a l ,  n o n -o c c u p a t io n a l ,  
an d  re la x a t io n  ac t iv i t ie s  to to ta l  daily  e n e r g y  e x p e n ­
d i tu r e  o f  e ig h t  g ro u p s  o f  men and  fo u r  g ro u p s  o f  women. 21
E x p e n d i tu re  of time (m inu tes  p e r  d ay  an d  p e r c e n ta g e  of
24 h o u r s ) in  v a r io u s  ac t iv i t ie s  b y  e ig h t  g ro u p s  of men. 22
E x p e n d i tu re  of e n e r g y  (k iloca lories  p e r  d ay  a n d  
p e r c e n ta g e  of da ily  e x p e n d i tu r e )  in  v a r io u s  ac t iv i t ie s  
b y  e ig h t  g ro u p s  o f  men. 23
E x p e n d i tu r e  o f  time (m inu tes  p e r  day  an d  p e rc e n ta g e  of 
24 h o u r s )  in  v a r io u s  ac t iv i t ie s  b y  fo u r  g ro u p s  o f  women. 24
Table 6 .22  E x p e n d i tu re  o f  e n e r g y  (k iloca lo ries  p e r  d ay  an d
p e rc e n ta g e  of da ily  e x p e n d i tu r e )  in  v a r io u s  ac t iv i t ie s  




Table  6.24 
Table  6.25
7 .D iscu ss io n  




Table  7.5 
Tab le  7 .6  
T ab le  7.7
PAGE
P e rc e n ta g e  c o n t r ib u t io n  of w alk ing  to to ta l  daily
e n e r g y  e x p e n d i tu r e  an d  daily  e x p e n d i tu r e  o f  time
d u r in g  occupa tiona l  a n d  n o n -o ccu p a t io n a l  tim e. 26
E n e rg y  cost to s tee l  w o rk e rs  of " fe t t l in g "  an d
w alk ing  b y  w eight an d  bod y  mass in d e x  (BM I). 27
Time s p e n t  on " l ig h t" ,  "m o d e ra te " ,  " h e a v y " ,  an d  
" v e r y  h ea v y "  a c t iv i ty  at m e asu re d  e n e r g y  cos t an d  at 
e n e r g y  cos t  a d ju s te d  for w eigh t b y  22 f a rm e rs .  28
Daily r a t e s  of e n e rg y  e x p e n d i tu r e  b y  men with v a r io u s  
o c c u p a t io n s .  29
C o -e ff ic ien ts  of v a r ia t io n  from th e  means of e n e rg y  
e x p e n d i tu r e  of e ig h t  g ro u p s  of men e x p r e s s e d  as  a) 
mean k ilocalories  p e r  d a y ,  b )  mean of TEE fa c to r  
com puted  from BMR (F le isc h ,  1951), c) mean of TEE 
fa c to r  com puted  from BMR (FAO/W HO/UNU, 1985) an d  d) 
mean k iloca lo ries  p e r  kilogram  b o d y  w eigh t .  30
Mean v a lu e s ,  s t a n d a r d  dev ia t io n s  an d  r a n g e s  of e n e r g y  
in ta k e  and  e n e r g y  e x p e n d i tu r e  of e ig h t  g ro u p s  of men 
e x p r e s s e d  as m ultip les  of B asa l Metabolic Rate 
(F le isc h ,  1951). 31
Mean v a lu e s ,  s t a n d a r d  d ev ia t io n s  an d  r a n g e s  of e n e r g y  
in ta k e  an d  e n e r g y  e x p e n d i tu r e  of e ig h t  g ro u p s  of m en, 
e x p r e s s e d  as m ultip les  of B asa l Metabolic Rate 
(FAO/W HO/UNU, 1985). 32
Mean B asal Metabolic R ates  of e ig h t  g ro u p s  o f  men u s in g  
a) F le isch  (1951) ca lcu la tion  an d  b )  FAO/WHO/UNU, (1985) 
p re d ic t io n  e q u a t io n s .  33
A v e ra g e  v a lu e s  for g ro u p s  of men an d  women of th e  
"UNU"-BMR b a s e d  e n e rg y  cos t  of p h y s ic a l  a c t iv i ty  in  
o ccu p a tio n a l ,  an d  n o n -o ccu p a tio n a l  tim e. 34
Men -  C o n tr ib u t io n  of occupa tiona l  (O) an d  l e i s u r e ­
time (L) ac t iv i t ie s  to to ta l  e n e r g y  e x p e n d i tu r e  (TEE) 
o f  G roup A men e x p r e s s e d  I as fa c to rs  of mean BMR 
(FAQ/WHO/UNU-"UNU") o f  g ro u p s  an d  from "UNU" exam ples  
fo r  in d iv id u a ls ,  II as  r e c o rd e d  mean p e rc e n ta g e  35
LIST OF TABLES
CHAPTER 
7. D iscuss ion
T ab le  7 .8
T able  7 .9
T able  7.10 
T ab le  7 .11 
T ab le  7.12
T ab le  7.13 
T ab le  7 .14 
Table  7.15
PAGE
(co n tin u e d )
c o n t r ib u t io n  to  TEE, a n d  III as  p e r c e n ta g e  c o n tr ib u t io n  
to to ta l  e n e r g y  re q u ire m e n t  (TER ) o f  "UNU" exam ples 
o f  w ork  c a te g o r ie s .
Men -  C o n tr ib u t io n  of occupa tiona l (O) an d  le i s u re ­
time (L) ac t iv i t ie s  to to ta l  e n e r g y  e x p e n d i tu r e  (TEE) 
of G roup B men e x p r e s s e d  I as f a c to r s  of mean BMR 
(FAQ/WHO/UNU-"U N U ” ) o f  g ro u p s  an d  from "UNU" exam ples 
fo r  in d iv id u a ls ,  II as r e c o rd e d  mean p e rc e n ta g e  
c o n t r ib u t io n  to  TEE, an d  III as  p e r c e n ta g e  co n tr ib u t io n  
to  to ta l  e n e r g y  re q u ire m e n t  (TER ) o f  "UNU" exam ples 
of w ork  c a te g o r ie s .  36
E n e rg y  e x p e n d e d  in  w alk ing  d u r in g  occupa tiona l  and
n o n -o ccu p a t io n a l  time an d  in  m odera te  a c t iv i ty  for
men. 37
Mean e n e r g y  e x p e n d e d  in  n o n -o c c u p a t io n a l  p h y s ica l  
a c t iv i ty  fo r  men. 38
Daily r a t e s  of e n e r g y  e x p e n d i tu r e  b y  women with 
v a r io u s  o c c u p a t io n s .  39
C o-e ff ic ien ts  of v a r ia t io n  from th e  m eans of e n e rg y  
e x p e n d i tu r e  o f  g ro u p s  of women e x p r e s s e d  as a) mean 
k ilocalories  p e r  d a y ,  b )  mean of TEE fac to r  com puted  
from BMR (FAO/W HO/UNU, 1985) an d  d)  mean kilocalories  
p e r  k ilogram  b o d y  w e ig h t .  40
Mean v a lu e s ,  s t a n d a r d  d e v ia t io n s  a n d  r a n g e s  of e n e rg y  
in ta k e  an d  e n e r g y  e x p e n d i tu r e  of fo u r  g ro u p s  of women 
e x p r e s s e d  as m ultip les  of B asa l Metabolic Rate 
(F le isc h ,  1951). 41
Mean v a l u e s , s t a n d a r d  dev ia t io n s  an d  r a n g e s  of e n e rg y  
in ta k e  an d  e n e r g y  e x p e n d i tu r e  of fo u r  g ro u p s  o f  women, 
e x p r e s s e d  as m ultip les  of B asal Metabolic Rate 
(FAO/W HO/UNU, 1985). 42
Mean B asal Metabolic R a tes  o f  fo u r  g ro u p s  o f  women 
u s in g  a) F le isch  (1951) ca lcu la tion  an d  b )




7. D iscu ss io n  (c o n tin u e d )
Table  7 .16  Women -  C o n tr ib u t io n  of o ccupa tiona l (O) a n d  l e i s u r e ­
time (L) a c t iv i t ie s  to  to ta l  e n e r g y  e x p e n d i tu r e  (TEE) 
o f  G roup A a n d  G roup B women e x p r e s s e d  I as  fa c to rs  
of mean BMR (FAO/WHO/UNU- nUNUn ) of g ro u p s  an d  from 
"UNU" exam ples  fo r  in d iv id u a ls ,  II as  r e c o rd e d  mean 
p e rc e n ta g e  c o n t r ib u t io n  to TEE, an d  III as  p e rc e n ta g e  
c o n t r ib u t io n  to to ta l  e n e r g y  re q u ire m e n t  (TER ) of 
"UNU" exam ples o f  w ork  c a te g o r ie s .  44
Table  7.17 E n e rg y  e x p e n d e d  in  w alking d u r in g  occu p a tio n a l  an d  n o n -  
occupa tiona l  time a n d  in  m odera te  a c t iv i ty  fo r  women. 45
T able  7.18 Mean e n e r g y  e x p e n d e d  in  n o n -o c c u p a t io n a l  p h y s ic a l
a c t iv i ty  for women. 46
T able  7 .19 Selec ted  s tu d ie s  of mean daily  in ta k e  of e n e r g y  of men
(1936 -  1965). 47
Table  7 .2 0 (a )S e le c te d  s tu d ie s  of mean daily  e n e rg y  in ta k e  of 
men (1966 -  1986). 48
Table  7 . 2 0 (b )S e le c te d  s tu d ie s  of mean daily  e n e rg y  in ta k e  of 
men (1965 -  1986).
T ab le  7.22 Normative e n e r g y  re q u ire m e n ts  of e ig h t  g ro u p s  of men.
Table  7 .23 D etails  of in d iv id u a l  s u b je c t s  whose mean e n e r g y
in ta k e  was u n d e r  1600 k c a l /d a y  for women a n d  u n d e r  
2000 k c a l /d a y  fo r  men. Com parison w ith e n e r g y  
in ta k e s  e x p r e s s e d  as f a c to rs  of B asal Metabolic 
Rate (FAO/WHO/UNU, 1985).
49
Table  7.21 C o-e ff ic ien ts  of v a r ia t io n  from th e  m eans of e n e rg y
in ta k e  of e ig h t  g ro u p s  of men e x p r e s s e d  as a) mean
k ilocalories  p e r  d a y ,  b )  mean of  TEI fa c to r  com puted
from BMR (F le isc h ,  1954), c) mean of TEI fac to r  
com puted  from BMR (FAO/W HO/UNU, 1985) a n d  d) mean 
k ilocalories  p e r  k ilogram  b o d y  w e ig h t .  50
51
52
T ab le  7 .24 S elec ted  s tu d ie s  of mean daily  e n e r g y  in ta k e  
of women (1936 -  1965). 53





7. D iscu ss io n  (c o n tin u e d )
T ab le  7 . 2 5 (b )S e le c te d  s tu d ie s  o f  mean daily  e n e r g y  in ta k e  o f  
women (1965-1986).
T ab le  7.26 C o -e ff ic ien ts  o f  v a r ia t io n  from th e  m eans of
e n e r g y  in ta k e  of fo u r  g ro u p s  of women e x p r e s s e d  as 
a) mean k ilocalories  p e r  d a y ,  b )  mean of TEI fa c to r  
com puted  from BMR (F le isc h ,  1951), c)  mean o f  TEI 
f a c to r  com puted  from BMR (FAO/W HO/UNU, 1985) a n d  
d )  mean k ilocalories  p e r  kilogram b o d y  w e ig h t .
T ab le  7.27 N orm ative e n e r g y  r e q u i re m e n ts  of fo u r  g ro u p s  of women
T able  7 .28  S e lec ted  s tu d ie s  of mean daily  in ta k e  of p r o te in ,
f a t ,  calcium , an d  i ro n  of men (1936 -  1965).
T ab le  7 .29  Se lec ted  s tu d ie s  of mean daily  in ta k e  of p r o te in ,
f a t ,  calcium an d  iro n  of men (1965 -  1986).
T ab le  7 .30  S e lec ted  s tu d ie s  of mean daily  in ta k e  o f  p r o te in ,  








Table  7 .31  S e lec ted  s tu d ie s  of mean daily  in ta k e  o f  p r o te in ,  
f a t ,  calcium , an d  i ro n  of  women (1965 -  1986). 61
CHAPTER
3. H is to r ica l  
F ig u re  3.
F ig u re  3.
6. R e s u l t s  
F ig u re  6. 
(a  & b )
F ig u re  6. 
(a  & b )
F ig u re  6. 
( a  & b )
F ig u re  6. 
(a  & b )
F ig u re  6. 
(a  & b )
F ig u re  6. 
(a  & b )
F ig u re  6. 
(a  & b )
F ig u re  6. 
(a  & b )
F ig u re  6. 
(a  & b )
F ig u re  6. 
( a  & b )
F ig u re  6. 
(a  & b )
F ig u re  6. 
(a  & b )
LIST OF FIGURES
Review
In te r re la t io n  of h e a l th ,  economics, social 
cond itions  and  d isease  in  th e  ag ed .
I In te r r e la t io n s h ip s  be tw een  u n iv e rs a l  concom itan ts  
of ag in g  and  f r e q u e n t  pathological seq u a la e .
P e rc e n ta g e  e x p e n d i tu re  of time and  e n e rg y  in  
occupa tiona l a c t iv i t ie s .
P e rc e n ta g e  e x p e n d i tu re  o f  time and  e n e rg y  in  n o n -  
occupa tiona l w ork .
P e rc e n ta g e  e x p e n d i tu re  of time and  e n e rg y  in  
occupa tiona l ac t iv it ies  p lu s  non -occupa tiona l  w ork .
P e rc e n ta g e  e x p e n d i tu re  of time and  e n e rg y  in  
re la x a t io n .
P e rc e n ta g e  e x p e n d i tu re  of time and  e n e r g y  in  
re la x a t io n  p lu s  non-occupa tional w ork .
P e rc e n ta g e  e x p e n d i tu re  of time and  e n e rg y  in  b e d .
P e rc e n ta g e  of time and  e n e rg y  e x p en d e d  in  s i t t in g  
a c t iv i t i e s .
P e rc e n ta g e  of time and e n e rg y  e x p en d e d  in  s ta n d in g  
an d  " ligh t a c t iv i ty " .
P e rc e n ta g e  of time and e n e rg y  e x p en d e d  in  "m oderate  
a c t iv i t y " .
P e rc e n ta g e  of time and  e n e rg y  e x p en d e d  in  " h eav y  
a c t iv i t y " .
P e rc e n ta g e  of time and  e n e rg y  ex p e n d e d  in  v e r y  
h e a v y  a c t iv i ty " .


















F ig u re  6 .13 P e rc e n ta g e  of time and  e n e rg y  e x p e n d e d  in  p e r s o n a l  
(a  & b )  d r e s s in g .
F ig u re  6 .14  P e rc e n ta g e  o f  time and  e n e rg y  e x p e n d e d  in  sh o p p in g  




T ab le  3 .1 :  Age d is t r ib u t io n  o f  popu la t io n  o f  G rea t  B r i ta in  an d  N o r th e rn
I r e la n d ,  1871-1961
P e rc e n ta g e  T ota l Popu la t ion
Age G roups 1871 1901 1931 1961
0 to  9 y e a r s 25.3 22.2 16.2 15.3
10 to  19 y e a r s 20.4 20.3 16.8 15.0
20 to  29 y e a r s 16.6 18.3 17.0 12.5
30 to  39 y e a r s 12.6 13.9 14.5 13.3
40 to  49 y e a r s 10.0 10.5 12.9 13.5
50 to  59 y e a r s 7 .4 7 .3 11.0 13.2
60 to  69 y e a r s 4 .8 4.7 7 .3 9 .6
70 a n d  o v e r 2 .9 2 .8 4 .3 7 .5
' ■ i  'v' -
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T able  5.2 C a teg o r ie s  of p h y s ic a l  a c t iv i ty :  
e n e r g y  e x p e n d e d  (kca l /m in )  b y  r e f e r e n c e  man
A c tiv ity  K cal/m in/65  k g
L igh t 2 .0  -  4 .9
M oderate  5 .0  -  7 .4
H eavy 7 .5  -  9 .9
V ery  h e a v y  10.0 -  12.4
U ndu ly  h e a v y  12.5 -
Tab le  5 .3 :  C a teg o r ie s  of p h y s ic a l  a c t iv i ty :
e n e r g y  (k ca l /m in )  e x p e n d e d  b y  r e f e r e n c e  woman
A c tiv i ty  K cal/m in/55  k g
woman
L igh t 1 .5  -  3 .4
M oderate  3 .5  -  5 .4
H eavy  5 .5  -  7 .4
V ery  h e a v y  7 .5  -  9 .4
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T able  6 .5 :  In ta k e  an d  e x p e n d i tu r e  o f  e n e r g y  o f  e ig h t  g ro u p s  of men
e x p r e s s e d  p e r  kilogram  of b o d y  w e ig h t ,  
m eans a n d  s t a n d a r d  d ev ia t io n s
G roup
F a rm e rs
S tee l w o rk e rs
B u ild in g  w o rk e rs
L ig h t i n d u s t r y  
w o rk e rs
Office w o rk e r s ,  
e x e c u t iv e
Office w o rk e r s ,  
c le r ica l
R e t i r e d ,  l iv in g  
alone
F arm ers  
o v e r  65 y e a r s
In ta k e  
k c a l /k g  SD
45.8  ± 10.8
43.0  ± 6 .0
41.1 ± 9 .8
42 .9  ± 5 .2
39.2 ± 5 .5
37.3  ± 7 .4
29.5  ± 4 .7
34.1  ± 6 .3
E x p e n d i tu re  
k c a l /k g  SD
48.5 ± 9 .8
43.2 ± 4 .9
40.5 ± 6 .9
41.8  ± 6 .2
42 .0  ± 4 .5
34.3 ± 4 .7
34.3 ± 4 .2












T 4 / T 6 . /p2
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Table  6 .6 :  In ta k e  a n d  e x p e n d i tu r e  o f  e n e r g y  of  fo u r  g ro u p s  o f  women
e x p r e s s e d  p e r  kilogram  of b o d y  w e ig h t ,  
m eans an d  s t a n d a r d  d ev ia tio n s
Mean
In ta k e  E x p e n d i tu r e  w eight
G roup  k c a l /k g  SD k c a l /k g  SD k g
H ousew ives ,
w ith  family 3 2 . 6 ± 7 . 2  3 7 . 8 ± 4 . 8  60.4
F a c to ry  w o rk e r s ,
sew ing  m achine 32.6 ± 11.1 35.1  ± 7 .2  62.7
F a c to ry  w o rk e r s ,
b a k e r y  36.1  ± 9 .6  4 0 . 6 ± 6 . 5  61.9
H ousew ives ,
l iv in g  alone 3 2 . 4 ± 6 . 4  3 3 . 5 ± 6 . 2  60.7
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Table 6.11: Mean daily e n e rg y  e x p en d itu re
of e ig h t g ro u p s of men
E n e rg y  e x p e n d i tu r e  ( k c a l /d a y )
Mean Minimum Maximum MedianG roup
F arm ers
S tee l w o rk e rs
B u ild in g  w o rk e rs
L igh t i n d u s t r y  
w o rk e rs
Office w o rk e r s ,  
ex e c u t iv e
Office w o rk e r s ,  
c le r ica l
R e t i r e d ,  l iv in g  alone
















T 3 / 6 .4 T / p l
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Table 6 .12: Mean daily e n e rg y  ex p en d itu re
of fo u r g ro u p s  of women
G roup
H ousew ives , l iv in g  
w ith  family
F a c to ry  w o rk e r s ,  
sew ing  machine
F a c to ry  w o rk e r s ,  
b a k e r y
H ousew ives , l iv in g  
alone
E n e rg y  e x p e n d i tu r e  (k c a l /d a y )  
Mean Minimum Maximum Median
2260 1800 2930 2180
2320 2020 2980 2320
2510 1980 3390 2400
1990 1490 2410 2000
T 3 /6 .4 T /p 2
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Table 6 .13: Mean daily e n e rg y  in tak e
of five g ro u p s  of women
 E n e rg y  in ta k e  (k c a l /d a y )
Mean Minimum Maximum Median
G roup
H ousew ives ,  l iv ingw ^ ^ ' 7 -------©
w ith  family 1940 1320 2780 1950
F a c to ry  w o rk e r s ,  
sew ing  m achine 2130 801 2990 2150
F a c to ry  w o r k e r s ,  
b a k e r y 2210 1450 3140 2260
H ousew ives ,  l iv in g  
alone 1920 1120 2320 2010
O ld er  women 1720 1480 2090 1660
T 7 /S 6 .2 T /p 2
16
Table 6 .14: Mean daily en e rg y  in tak e
of e ig h t g ro u p s  of men
 E n e rg y  in ta k e  ( k c a l /d a y )
Mean Minimum Maximum Median
G roup
F arm ers 3470 2190 4220 3460
Stee l w o rk e rs 3230 2730 3804 3200
B u ild in g  w o rk e rs 3080 2330 4030 2900
L igh t i n d u s t r y  w o rk e rs 2910 2204 3660 2920
Office w o rk e r s ,  
e x e c u t iv e 2650 1760 3218 2680
Office w o rk e r s ,  
c le r ica l 2440 2090 3112 2350
R e t i r e d ,  l iv in g  alone 2050 1470 2550 2017
F a rm e rs  65 y e a r s 2670 2230 3440 2540
T 7 /S 6 .2 T /p l
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Table 6.15: Mean daily in tak e  of p ro te in
p e r  kilogram  body w eight b y  five g ro u p s  of women
G roup
H ousew ives ,  l iv ing  w ith  family 
F a c to ry  w o rk e r s ,  sew ing  m achine 
F a c to ry  w o rk e r s ,  b a k e ry  
H ousew ives ,  l iv in g  alone 
O lder women
T 7 /T 6 .6 f
P ro te in  
g / k g  SD 
( r a n g e )
1.0 ± 0. 2  
(0 .6  -  1 .3 )
1 .0 ± 0 .3
(0 .5  -  1 .7 )
1 .2 ± 0 .4
( 0.6 -  2 . 1)
1.1  ± 0 .3
( 0. 6 -  1 . 6)
1. 1  ± 0. 2  
(0 .9  -  1 .3 )
18
Table 6 .16: Mean daily in tak e  of p ro te in















1.5  ± 0 .3
(0 .7  -  2 .0 )
1.5 ± 0 .2
(1 .2  -  1 .9 )
1.3 ± 0 .3
( 0 . 8  -  1 . 8 )
1.3  ± 0 .2
(0 .9  -  1 .6 )
1. 2  ± 0. 1  
(1 .0  -  1 .5 )
1 .3  ± 0 .2
(0 .9  -  1 .7 )
1. 0  ± 0. 1  
( 0. 8 -  1 . 2)
1. 2  ± 0. 2  
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T able  6 .2 4 :  E n e rg y  cos t  to  s tee l w o rk e rs  of " f e t t l in g ” an d  w alk ing
b y  w eigh t an d  b o d y  mass in d e x  (BMI)




















































5 .4  
7 .0
8 .9
T 4 /T 6 . /p3
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Table 6.25: Time spen t on " l ig h t” , m oderate", "heavy" , and "v ery  heavy"
ac tiv ity  at m easured e n erg y  cost and at e n erg y  cost
ad justed  for weight for 22 farm ers
A ctiv i ty
In  b e d
P e r s o n a l ,  d r e s s in g
S it t in g  a c t iv i t ie s
S ta n d in g  a c t iv i t ie s  and  
" l ig h t  a c t iv i ty "
(<5 k ca l /m in )
"M oderate  a c t iv i ty "
(5 -7 .4  k ca l /m in )
"H eavy  a c t iv i ty "
( 7 .5 - 9 .9  k ca l /m in )
"V e ry  h e a v y  a c t iv i ty "








<1  4 -
6 80 6
100 1440 100
Time s p e n t  on ac t iv i t ie s___________
At e n e r g y  cost 
a d ju s te d  fo r  w eigh t 




At m e asu re d  
e n e rg y  cost 




T 6 /T 6 .2 5 /p l
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Table 7 .1 : Daily ra te s  of e n erg y  ex p en d itu re  by men with
various  occupations
O ccu p a t io n
c O ffice w o r k e r s ,  c le r ica l 
d  E ld e r ly  r e t i r e d  
b C o ll ie ry  c le rk s  
c O ffice w o r k e r s ,  e x ec u tiv e  
a L a b o ra to ry  te c h n ic ia n s  
c L ig h t  i n d u s t r y  w o rk e rs  
d E ld e r ly  Swiss fa rm ers  
a U n iv e r s i ty  s tu d e n t s  
c B u ild in g  w o rk e rs  
d E ld e r ly  fa rm e rs  
c S tee l w o rk e r s  
a A rm y c a d e ts  
b  Coal m in e rs  
c F o r e s t r y  w o rk e rs  
c F a rm e rs  
c Swiss fa rm e rs


















a Mean age  le s s  th a n  25 y e a r s  (3 g ro u p s )
b  Mean age  b e tw ee n  25 an d  35 y e a r s  (2 g ro u p s )
c Mean ag e  b e tw ee n  54 an d  61 y e a r s  (8 g ro u p s )
d Mean age  b e tw een  70 a n d  80 y e a r s  (3 g ro u p s )
7 .1 /T 4
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Table  7 .2 :  C o -e ff ic ien ts  of v a r ia t io n  from th e  means of e n e r g y
e x p e n d i tu r e  of e ig h t  g ro u p s  o f  men e x p r e s s e d  as a) mean k ilocalories  
p e r  d a y ,  b )  mean of TEE fac to r  com puted  from BMR (F le isc h ,  1951), c) 
mean of  TEE fa c to r  com puted  from BMR (FAO/W HO/UNU, 1985) and  d) 
mean k iloca lo ries  p e r  k ilogram  b o d y  w eigh t .
C oeffic ien ts  of V a r ia t io n (%)
Mean F le isch  Mean "UNU"Mean kca l /  
G roup  Mean k c a l /d  TEE fa c to r  TEE fa c to r  k ilogram  / d
F a rm ers 13.1 15.2 13.1 20.2
Stee l w o rk e r s 15.4 11.5 11.5 11.3
B u ild in g  w o rk e rs 13.7 13.3 13.2 17.0
L igh t i n d u s t r y  w o rk e rs 14.5 13.5 13.7 14.8
Office w o rk e r s ,  e x e c u t iv e 11.3 8 .4 11.1 10.7
O ffice w o r k e r s ,  c le r ica l 12.7 12.2 17.0 13.7
R e t i r e d ,  l iv in g  alone 17.4 10.7 10.8 12.2
F a rm e rs  o v e r  65 y e a r s 14.9 8 .2 7 .7 6 .6
T7.2/T4
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Table 7.3 Mean va lues , s tan d a rd  deviations and ra n g e s  of e n e rg y  in take
and  e n e rg y  exp en d itu re  of e igh t g roups  of men ex p re ssed  as multiples
of Basal Metabolic Rate (F leisch , 1951)
G roup  E n e rg y  In ta k e  E n e rg y  E x p e n d i tu re
Mean S .D .  C .V . Mean S .D .  C .V .
F a rm e rs 2.16 0.36 
(1 .3 2 -2 .8 1 )
16.6 2.31 0.35 
(1 .7 1 -3 .1 2 )
15.2
Stee l w o rk e r s 2.06 0.19 
(1 .7 9 -2 .3 8 )
9.2 2.09 0 .24 
(1 .7 9 -2 .4 8 )
11.5
B u ild in g  w o rk e rs 1.97 0.37 
(1 .3 7 -2 .5 6 )
18.8 1.95 0.26 
(1 .6 8 -2 .4 5 )
13.3
L igh t i n d u s t r y  
w o rk e rs
1.94 0.25 
(1 .6 0 -2 .3 2 )
12.9 1.92 0.26 
(2 .5 6 -2 .6 3 )
13.5
Office w o rk e rs ,  
e x e c u t iv e
1.77 0.22 
(1 .3 1 -2 .0 5 )
12.4 1.90 0 .16 
(1 .6 8 -2 .1 1 )
8.4
Office w o rk ers ,  
c le r ica l
1.68 0.22 
(1 .3 7 -2 .1 8 )
13.1 1.56 0.19 
(1 .3 2 -2 .0 0 )
12.2
R e t i r e d ,  l iv in g  
alone
1.44 0 .19 
(1 .1 1 -1 .7 3 )
13.2 1.68 0.18 
(1 .3 2 -1 .9 6 )
10.7
F a rm e rs  
o v e r  65 y e a r s
1.73 0 .30 
(1 .3 5 -2 .2 7 )
17.3 1.94 0.16 
(1 .7 4 -2 .0 8 )
8.2
T 7 .3 /T 4
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Table 7.4 Mean va lues , s ta n d a rd  deviations and ra n g e s  of e n e rg y  in take
and e n e rg y  e x p en d itu re  of e igh t g roups  of men, e x p re ssed  as multiples
of Basal Metabolic Rate (FAO/YVHO/UNU, 1985)*
G roup  E n e rg y  In ta k e
Mean S .D . C .V . Mean S .D .
F a rm ers 1.99 0.30 
(1 .3 3 -2 .5 3 )
15.0 2.13 0 .28 
(1 .7 0 -2 .8 1 )
S tee l w o rk e r s 1.91 0.25 
(1 .5 6 -2 .5 0 )
13.1 1.92 0.22 
1 .5 6 -2 .2 5 )
B u ild in g
w o rk e r s
1.76 0.34 
(1 .4 9 -2 .3 6 )
19.3 1.74 0.23 
(1 .4 4 -2 .2 5 )
L igh t i n d u s t r y  
w o rk e rs
1.89 0.25 
(1 .4 2 -2 .3 1 )
13.2 1.83 0.25 
(1 .4 0 -2 .3 3 )
Office w o rk e r s ,  
e x e c u t iv e
1.70 0.27 
(1 .1 6 -2 .0 6 )
15.9 1.81 0.20 
(1 .4 9 -2 .1 0 )
Office w o rk e r s ,  
c le r ica l
1.52 0.24 
(1 .2 0 -1 .9 8 )
15.8 1.41 0.24 
(1 .1 8 -1 .4 7 )
R e t i r e d ,  l iv ing  
alone
1.43 0.20 
(1 .05  -  1 .78)
14.0 1.66 0.18 
(1 .2 6 -1 .9 6 )
F a rm e rs  
o v e r  65 y e a r s
1.73 0.28 
(1 .34  -  2 .19)
16.2 1.95 0.15 
(1 .73  -  2 .11)
♦Basal Metabolic Rate p re d ic t io n  eq u a t io n s :
1) 11.6 W + 879 fo r  men ag ed  30-60 y e a r s
2) 13.5 W + 487 fo r  men ag ed  o v e r  60 y e a r s
T 7 .4 /T 4
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Table  7 .5 :  Mean Basal Metabolic R ates of e ig h t  g ro u p s  of men u s in g
a) F leisch  (1951) ca lcu la tion  and  
b )  FAQ/WHO/UNU (1985) p re d ic t io n  e q u a t io n s .
B .M .R . (k i lo c a lo r ie s /d a y )  
"F le isch" "FAO/WHO/UNU"
G roup Mean SD CV% Mean SD CV
F arm ers 1613 137 8.5 1750 145 8.3
S tee l w o rk e r s 1567 121 7.7 1706 205 12.0
B u ild in g  w o rk e rs 1568 78 5.0 1761 89 5.1
L igh t i n d u s t r y 1482 121 8.2 1555 170 10.9
Office w o r k e r s ,  ex e c u tiv e 1490 108 7.2 1566 100 6.4
Office w o r k e r s ,  c le r ica l 1459 75 5.1 1626 115 7.4
R e t i r e d ,  l iv in g  alone 1417 120 8.5 1432 128 8.9
F a rm e rs  o v e r  65 y e a r s 1549 124 8.0 1548 88 5 .6
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T able  7 .7  Men -  C o n tr ib u tio n  of occupa tiona l (O) an d  le isu re - t im e  (L) ac tiv i t ie s  
to  to ta l  e n e r g y  e x p e n d i tu r e  (TEE) of G roup A men e x p r e s s e d  I as fa c to rs  of 
mean BMR ( FAQ/WHO /UNU- MUNUn) of g ro u p s  and  from "UNU" exam ples for 
in d iv id u a l s ,  II as  r e c o rd e d  mean p e rc e n ta g e  c o n t r ib u t io n  to  TEE, and  III as 
p e r c e n ta g e  c o n t r ib u t io n  to to ta l  e n e r g y  r e q u ire m e n t  (TER ) o f  "UNU” exam ples 
o f  w ork  c a te g o r ie s .
O ccupa tiona l an d  le isu re - t im e  ac t iv i t ie s
I C o n tr ib u t io n to  f rac t io n a l II R eco rded I l l  Exam ples of
p o r t io n  of BMR fac to r % of TEE "UNU w ork ca tegory
es tim a tes  *
G roup A G roup ” UNU” Example G roup % of TER TER
Steel 0 0.33(36%) 0.50(63%) 27 44 "MA”
w o rk e rs L 0.59(64%) 0.28(37%) 54 37 w ork
TEE 1.92(100%) 1.78(100%) - - 1.78xBMR
B uild in g 0 0.43(58%) 0.50(63%) 41 44 "MA"
w o rk e rs L 0.31(42%) 0.28(37%) 42 37 w ork
TEE 1.74(100%) 1.78(100%) - - 1 . 78xBMR
Ligh t 0 0.48(58%) 0.50(63%) 41 44 "MA"
i n d u s t r y L 0.35(42%) 0.28(37%) 42 37 w ork
w o rk e rs TEE 1.83(100%) 1.78(100%) — “ 1.78xBMR
Office 0 0.20(25%) 0.17(32%) 22 28 "LA"
w o r k e r s , L 0.61(75%) 0.37(68%) 61 51 w ork
e x e c u t iv e TEE 1.81(100%) 1.54(100%) — — 1 . 54xBMR
Office 0 0.14(34%) 0.17(32%) 30 28 "LA"
w o r k e r s , L 0.27(66%) 0.37(68%) 48 51 w ork
c le r ica l TEE 1.41(100%) 1.54(100%) — “ 1 . 54xBMR
Colliery 0 0.25(38%) 0.17(32%) 32 28 "LA"
c le rk s L 0.41(62%) 0.37(68%) 50 51 work
TEE 1.66(100%) 1.54(100%) — 1 . 54xBMR
M iners 0 0.79(65%) 0.93(82%) 48 59 "H"
L 0.43(35%) 0.21(18%) 39 25 w ork
TEE 2.22(100%) 2.14(100%) - — 2 . 14xBMR
*"MA"=moderate a c t iv i ty ” , "LA"=light a c t iv i ty ,  "H "=heavy
T4
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T able  7 .8  Men -  C o n tr ib u tio n  of occupa tiona l (O) an d  le isu re - t im e  (L) ac t iv it ie s  
to  to ta l  e n e r g y  e x p e n d i tu r e  (TEE) of G roup B men e x p r e s s e d  I as f a c to r s  of 
mean BMR ( FAO/W HO/UNU-"UNU") of g ro u p s  and  from "UNU" exam ples for 
in d iv id u a l s ,  II as r e c o rd e d  mean p e rc e n ta g e  c o n t r ib u t io n  to TEE, an d  III as 
p e r c e n ta g e  c o n t r ib u t io n  to to ta l  e n e rg y  re q u ire m e n t  (TER ) of "UNU" exam ples 
o f  w ork  c a te g o r ie s .
O ccupational and  le isu re - t im e  ac t iv it ie s
I C o n tr ib u tio n to  f rac t iona l II R eco rd ed I l l  Exam ples of
p o r t io n  of BMR fac to r % of TEE "UNU w ork  c a te g o ry
es tim a tes  *
G roup B G roup "UNU"Example G roup % of TER TER
a. F a rm ers 0 1.03(91%) 1.01(89%) 67 65 "H"
L 0.10(9%) 0.13(11%) 19 19 w ork
TEE 2.13(100%) 2.14(100%) - 2 . 14xBMR
a. F a rm ers 0 0.63(66%) 0.50(63%) 49 44 "MA"
o v e r  65 L 0.32(34%) 0.28(37%) 32 23 w ork
y e a r s TEE 1.95(100%) 1.78(100%) — 1.78xBMR
b . R e t i r e d 0 0.14(21%) 0.07(14%) 16 7 "R e ti re d
men o v e r L 0.52(79%) 0.44(86%) 60 71 e ld e r ly
65 y e a r s TEE 1.66(100%) 1.51(100%) - men
1.51xBMR
*"MA"=moderate a c t iv i ty ,  "H"=heavy
a .  0 = o c cu p a tio n a l  an d  n o n -o ccu p a tio n a l  t a s k s  w hich w ere  la rg e ly  in d is t in g u is h a b le ,
in c lu d in g  w alk ing  
R=all o th e r  a c t iv i t ie s /re la x a t io n (R = re la x a t io n )
b .  0 = h o u se h o ld  ta s k s
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Table 7 .10: Mean en erg y  expended  in non-occupational physica l activ ity
for men.
_________N on-occupa tiona l p h y s ic a l_a c t iv i ty _________
Work Walking R ecrea tio n  Total
G roup  k c a l /d  k c a l /d  k c a l /d  k c a l /d
S tee l w o rk e r s  494 379 38 911
B u ild in g  w o rk e r s  187 255 100 542
L igh t i n d u s t r y  387 308 97 792
Office w o rk e rs
e x e c u t iv e  411 346 185 942
Office w o rk e r s
c le r ic a l  213 220 36 469
T7.10 /T 4
Table 7.11: Daily ra te s  of e n erg y  ex p en d itu re  by  women with
various occupations
O ccupation
d H ousew ives ,  7 th  decade  
d E ld e r ly  s e d e n ta r y  w o rk e r s ,  
C anad ian  
c H ousew ives (1) 
a L a b o ra to ry  te c h n ic ia n s  
a Saleswomen 
c H ousew ives (2) 
a U n iv e rs i ty  s tu d e n t s  
c F a c to ry  w o rk e rs  
b H ousew ives w ith  y o u n g  c h i ld re n  
c B a k e ry  w o rk e rs  
c Swiss h o u s e w iv e s / f a rm e rs













a Mean age  le s s  th a n  25 y e a r s  (3 g ro u p s )
b Mean age  b e tw e e n  25 and  35 y e a r s  (1 g ro u p )
c Mean age  b e tw e e n  51 an d  59 y e a r s  (5 g ro u p s )
d Mean age  b e tw ee n  65 an d  66 y e a r s  (2 g ro u p s )
7 . 11/T4
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T ab le  7 .12 :  C o -e ff ic ien ts  of v a r ia t io n  from th e  means of e n e r g y  
e x p e n d i tu r e  of g ro u p s  of women e x p re s s e d  as a) mean k ilocalories  p e r  
d a y ,  b )  mean of TEE fac to r  com puted  from BMR (F le isc h ,  1954), c) 
m ean of TEE fa c to r  com puted  from BMR ( FAO/WHO/UNU, 1985) an d  d) 
m ean k iloca lo r ies  p e r  k ilogram  b ody  w eigh t .
C oeffic ien ts  o f  V a r ia t io n (%)
Mean F le isch  Mean "UNU"Mean k c a l /  
G roup  Mean k c a l /d  TEE fa c to r  TEE fa c to r  k i lo g ram /d
H o u sew iv es ,  6 th  decade 12.9 10.6 9.3 12.7
Sew ing m achine w o rk e rs 10.2 12.7 10.4 20.5
B a k e ry  w o rk e r s 17.5 12.3 13.3 16.0
H ousew ives ,  7 th  decade 12.5 12.8 13.0 18.5
T 7.12 /T 4
Table 7.13 Mean va lues , s tan d a rd  deviations and ranges  of e n e rg y  in take
and e n e rg y  ex p en d itu re  of four g roups of women ex p re ssed  as multiples
of Basal Metabolic Rate (F leisch, 1951)
G roup E n e rg y  In tak e  E n e rg y  E x p e n d i tu re
Mean S .D .  C .V .(% ) Mean S .D .  C .V .(% )
H ousew ives ,  1.55 0.28 18.1 1.80 0.19 10.6
6 th  d e ca d e  (1 .0 2 -1 .9 9 )  (1 .4 5 -2 .2 1 )
F a c to ry  w o r k e r s ,  1.61 0.44 27.3 1.73 0.22 12.7
sew ing  m achine (0 .5 0 -2 .5 5 )  (1 .5 1 -2 .4 9 )
F a c to ry  w o r k e r s ,  1.72 0.37 21.5 1.95 0.24 12.3
b a k e r y  (1 .2 3 -2 .6 3 )  (1 .7 0 -2 .5 6 )
H ousew ives ,  1.59 0.26 16.4 1.64 0.21 12.8
7 th  d e ca d e  (1 .0 3 -1 .9 2 )  (1 .2 6 -2 .1 0 )
T 7 .1 3 /T 4
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Table 7.14 Mean va lues , s tan d a rd  deviations and ran g es  of e n erg y
in take  and  en e rg y  expend itu re  of four g roups  of women, ex p re ssed  as
multiples of Basal Metabolic Rate ( FAO/WHO/UNU. 1985)*
G roup E n e rg y In ta k e  E n e rg y  E x p e n d i tu r e
Mean S .D .  C .V .  Mean S .D .  C .V .
H o u se w iv e s , 





18.4 1.72 0 .16  
(1 .4 2 -2 .1 0 )
9.3
F a c to ry  w o r k e r s ,  





23.8 1.64 0.17 
(1 .4 8 -2 .1 4 )
10.4
F a c to ry  w o r k e r s ,  





21.0 1.81 0.24 
(1 .D 8-2 .39)
13.3
H ousew ives ,  





16.0 1.61 0.21 
(1 .2 0 -2 .1 1 )
13.0
♦Basal M etabolic R ate  p re d ic t io n  e q u a t io n s :
1) 8 .7  W + 829 fo r  women aged  30-60 y e a r s
2) 10.5 W + 59b fo r  women aged  o v e r  60 y e a r s
T 7 .1 3 /T 4
42
T able  7 .1 5 :  Mean Basal Metabolic R ates of fou r  g ro u p s  of women u s in g
a) F leisch (1951) calcula tion  and
b )  FAO/WHO/UNU (1985) p red ic t io n  e q u a t io n s .
B .M .R . (k i lo c a lo r ie s /d a y )
" Fleisch" "FAO/WHO/UNU"
Mean SD CV% Mean SD CV %
1,242 95 7 .6  1,314 94 7.2
1,352 141 10.4 1,421 103 7.2
1,287 129 10.0 1,377 113 8 .2
1,211 142 11.7 1,233 121 9 .8
T 7 .1 5 /T 4
G roup
H o u se w iv es ,  6 th  decade
F a c to ry  w o r k e r s ,  
sew in g  m achine
F a c to ry  w o r k e r s ,  
b a k e r y
H o u sew iv es ,  7 th  decade
43
T able  7 .16 Women - C o n tr ib u tio n  of occupa tiona l  (O) an d  le isu re - t im e  (L) 
a c t iv i t ie s  to  to ta l  e n e rg y  e x p e n d i tu r e  (TEE) of G roup A and  G roup  B women 
e x p r e s s e d  I as  fa c to rs  of mean BMR ( FAQ/WHO/UNU-"UN U ") of g ro u p s  and  
from "UNU” exam ples  fo r  in d iv id u a ls ,  II as r e c o rd e d  mean p e r c e n ta g e  
c o n t r ib u t io n  to  TEE, and  III as p e r c e n ta g e  c o n t r ib u t io n  to  to ta l  e n e r g y  
r e q u i re m e n t  (TER ) of "UNU" exam ples of w ork  c a te g o r ie s .
O ccupational an d  le isu re - t im e  ac t iv i t ie s
I C o n tr ib u t io n  to f rac t io n a l  II R eco rded  III Exam ples of 
p o r t io n  of "UNU" BMR fac to r  % of TEE "UNU"work c a te g o ry
es tim a tes
G roup  A Group "UNU"Example Group % of TER TER
Sew ing
m achine
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G roup  B
H ousew ives 
4 th  d ecad e  
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*"RW DC"=rural woman in  develop ing  c o u n t r y ,  "HAS "=house wife in  an  a ff lu en t  
^  soc ie ty
0 = h o u seh o ld  t a s k s
R=all o th e r  ac t iv i t ie s  inc lu d in g  w alking 
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Table 7.18: Mean en e rg y  expended  in non-occupational physica l activ ity
for women.
_________N on-occupa tiona l p h y s ic a l_a c t iv i ty _________
Work Walking R ecrea tion  Total
G roup  k c a l /d  k c a l /d  k c a l /d  k c a l /d
F a c to ry  w o r k e r s ,
sew in g  m achine 490 197 9 696
F a c to ry  w o r k e r s ,
b a k e r y  544 174 6 724
T 7 .1 8 /T 4
T able  7 .19  Selected  s tu d ie s  of mean daily  in ta k e  of e n e r g y  of men
(1936 -  1965)
Sub jec ts E n e rg y  in ta k e
S ource No. Age K ca l/d ay
Widdowson (1936) U .K . 7 51-60 2770
P y k e  e t  a l . , (1947) U .K . 12 60-85 2130
G a r ry  e t  a l . , (1955) U .K . 10 20-46 3040
19 20-45 4030
B r a n s b y  a n d  O sb o rn e  (1953) 23 60-69 2130
U .K . 58 70-74 2150
44 75+ 2000
B r a n s b y  (1954) U .K . 44 20-29 3600
40 30-39 3510
52 40+ 3430
Edholm e t  a l. , (1955) 12 18-20 3430
U .K .
Gillum a n d  Morgan (1955) 73 55-64 2560
U .S . 71 65-74 2250
16 75-79 2160
Lyons a n d  T ru lso n  (1955) U .S . 31 65-83 2460
D u rn in  e t  a l . ,  (u n p u b l ish e d ) 8 49-65 3918
S w itze rlan d
D u rn in  e t  a l . , (u n p u b l ish e d ) 4 76-80 2900
Sw itze rland
Bram well (1961) U .K . 26 34-49 2790
M orris ,  e t  a l . , (1963) 99 40-55 2850
U .K .
S te inkam p e t  a l . , (1965) U .S .* 37 69-78 2170
24 79-88 1700
5 89-93 1990
♦ F o u rtee n  y e a r  follow-up of age g ro u p s  in  Gillum a n d  Morgan (1955)
T 7 . 2-3-4/T4
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Table 7 .20(a) Selected stud ies  of mean daily e n e rg y  in take
of men (1966 - 1986)
S u b jec ts  E n e rg y  in ta k e  
S ou rce  No. Age k c a l /d a y )














Passm ore  an d  D u rn in  (1967) 
U .K .
17 51-69 3550
W heatcroft (1969) 
U .K .
9 20-29 3040
W heatcroft (1969) 
U .K .
20 24-35 3120



























B row n e t  a l. (1977) 
U .S .
9 72-90 2170
G re g e r  and  Sciscoe 
U .S .  (1977)
18 52-89 1720
S teen  e t  a l. (1977) 
Sweden +
174 70 2344*
G ro tkow ski an d  Sims 










V ir an d  Love (1979) 
U .K .
10 65-89 2550
Y earick  (1980) 
U .S .
25 66-96 2180
Singman et a l. (1980) 
U .S .  (L)
681 50-59 2420
A cheson  e t  a l. (1980) 12 21-29 3210











♦Not in c lu d in g  alcohol 
+Diet h i s to ry  method
T 5/T 7 .A b/p3
48
Table 7 .2 0 ( b ) : Selected s tudies  of mean daily en e rg y  in take
of men (1965 - 1986)
E n e rg y
S u b jec ts  in ta k e
S o u rce  No. Age k c a l /d a y )
G a r ry  e t  a l. (1982) 125 60-80 2170
U .S .
Thom pson  e t  a l .  (1982) 97 40 2895
( U .K . )
Elahi e t  a l .  (1983) 18 35-39 2604











Kim e t  a l .  (1984) 7 <35 3030
( U . S . ) 6 >35 2430
B ase line  D ata  From F our In te rv e n t io n  S tud ies
N ational D ie t -H e a r t 1196 45-54 2565
S tu d y  1963-1964
Fram ingham  H eart 373 45-54 2666
S tu d y  1960-1964 491 55-64 2563
Lipid R e se a rc h 355 35-39 2844
Clinics P rog ram 370 40-44 2730
1972-1975 302 45-49 2612
317 50-54 2492
257 55-59 2368
Multiple R isk  F ac to r 12,847 35-57 2488
In te rv e n t io n  T ria l  
1973-1975
♦L ong itud ina l d a ta  on fo u r  g ro u p s  
T 5 /T 7 . A b /p 4
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T able  7 .21 :  C o-eff ic ien ts  of v a r ia t io n  from the  means o f  e n e r g y  in ta k e  of e ig h t
g r o u p s  of men e x p r e s s e d  as a) mean kilocalories p e r  d a y ,  b )  mean of TEI fac to r
com pu ted  from BMR (F le isch ,  1951), c) mean of TEI fa c to r  com puted  from BMR 
( FAO/W HO/UNU, 1985) and  d )  mean kilocalories p e r  kilogram  b o d y  w e ig h t .
Coeffic ien ts  of V a r ia t io n (%)
Mean F le isch  Mean "UNU"Mean kca l /  
G roup  Mean k c a l /d  TEI fa c to r  TEI fa c to r  k i lo g ram /d
F a rm e rs 13.9 16.6 15.0 23.6
Stee l w o rk e r s 10.6 9.2 13.1 14.0
B u ild in g  w o rk e r s 18.3 18.8 19.3 23.8
L ig h t i n d u s t r y  w o rk e rs 11.6 12.9 13.2 12.1
Office w o rk e r s - e x e c u t iv e 16.6 12.4 15.9 14.0
Office w o rk e r s -c le r ic a l 12.8 13.1 15.8 19.8
R e t i r e d ,  l iv in g  alone 17.3 13.2 14.0 15.9
F a rm e rs  o v e r  65 y e a r s 18.6 17.3 16.2 18.5
T 4 /T 7 .2 1
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"Iable 7 .23 : D etails  of in d iv id u a l  s u b je c ts  whose mean e n e r g y  in ta k e  
was u n d e r  1600 k c a l /d a y  for women and  u n d e r  2000 k c a l /d a y  for men. 
C om parison  with e n e rg y  in ta k e s  e x p r e s s e d  as fa c to rs  of Basal 
Metabolic Rate (FAO/WHO/UNU, 1985)
E n e rg y  In tak e Height Weight B.M.J,
Sub jec t k c a l /d . BMR fac to r cm k g k g /M u
Men:
E x ec u tiv e 1758 1.16 167.0 55.3 19.0
R e t ire d 1719 1.43 156.2 53.2 20.9
R e t ire d 1842 1.18 168.3 79.8 27.4
R e t ire d 1470 1.05 146.7 67.3 30.3
R e t ire d 1961 1.52 166.4 59.4 20.7
Women:
R e t ire d 1484 1.15 148.5 66.3 29.4
R e t ire d 1115 1.05 151.0 41.7 17.6
R e t ire d 1552 1.66 134.0 41.4 22.2
Housewife 1438 1.09 144.8 54.8 25.4
Housewife 1319 1.00 154.5 54.0 22.0
Housewife 1595 1.14 149.9 63.5 27.6
Housewife 1469 1.32 156.0 49.5 19.7
Housewife 1327 0.98 151.1 70.8 30.4
W orker 802 0.51 165.0 86.2 31.1
W orker 1556 1.11 162.0 63.9 23.8
W orker 1448 1.19 148.0 44.5 19.6
W orker 1486 1.08 146.5 62.5 28.4
T 7 .2 3 /T 4
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T able  7 .24  S elec ted  s tu d ie s  of mean daily  e n e rg y  in ta k e  of women
(1936 -  1965)
S ource
Widdowson a n d  McCance (1936)
U .K .
P yke  e t  a l .  (1947) U .K .
O hlson  e t  a l .  (1948) U .S .
O hlson e t  a l .  (1950) U .S .
B r a n s b y ,  a n d  O sb o rn e  (1953)
U .K .
Gillum a n d  M organ (1955) U .S .
Lyons a n d  T ru lso n  (1955) U .S .
D u rn in  e t  a l . , (1957)
D u rn in  e t  a l . , (1957) U .K .
D u rn in  a n d  B ro ck w ay  (u n p u b l ish e d )
M organ (1959) U .S .
D u rn in ,  e t  a l . , ( u n p u b l ish e d )  
S w itze rlan d
F ry  e t  a l .  (1963) U .S .
S tan to n  an d  E x ton -S m ith  (1965)
U .K .
Steinkam p e t  a l .  (1965)* U .S .
♦ F o u r teen  y e a r  follow-up of age  g ro u p s  
T 7 .2 4 /T 4
53
E n e rg y
S ub jec ts  In ta k e
























in Gillum an d  Morgan (1955)
Table 7 .25. (a ) :  Selected s tud ies  of mean daily en e rg y  in take
of women (1965-1986)
E n e rg y
S u b jec ts  in ta k e
S ource  No. Age ( k c a l /d a y )
E x to n -S m ith  e t al. 24 70-73 2070
U .K . (1965) 74-77 1880
78+ 1670
DHSS (1972) 236 65-74 1790
U .K . 218 75+ 1630
Macleod e t al. 95 65-74 1790
U .K . (1974) 92 75+ 1700
L o n e rg a n  e t al. 190 62-74 1770
U .K . (1975) 73 75-90 1650
J o r d a n  (1976) 78 65-89 1360
U .S .
L e n n e r  e t  al. 117 50 2040
Sw eden + (1977) 95 54 1970
36 60 1870
J a n s e n  an d  H arrill 24 62-99 1380
U .S .  (1977)
G re g e r  and  Sciscoe 26 52-89 1850
U .S .  (1977)
B row n e t al. 14 70-96 1630
U .S .  (1977)
S teen  e t  al. 188 70 1928
Sweden+ (1977)
G ro tkow sk i & Sims 30 72 1363
U .S .  (1978)
DHSS (1979) 125 <80 1679
U .K . 71 £80 1559
+Diet h is to ry  method
T 5/T 7 .25A B
54
Table 7 .2 5 (b ) :  Selected s tud ies  of mean daily en erg y
in take of women (1965-1986)
S u b jec ts  In ta k e
S o u rce  No. Age ( k c a l /d a y )
V ir a n d  Love 27 65-89 1770
U .K .  (1979)
Y ea r ic k  e t  a l .  75 63-89 1590
U .S .  (1980)
B ingham  e t  a l .  10 20-39 2183
( U .K . )  (1981) 14 40-59 1986
7 60-79 1529
G a r ry  e t  a l .  145 60-80+ 1653
U .S .  (1982)
Kim e t  a l .  (1984) 8 < 3 5  1893
U .S .  8 > 3 5  1803
B ase l ine  D ata  From Two In te rv e n t io n  S tud ies
Fram ingham  H eart 28 37-39 2508
S tu d y  111 40-44 2171
1957-1960 100 45-49 2181
90 50-54 2131
63 55-59 2068
Lipid R e s e a rc h  277 37-39 1852
C lin ics  P rog ram  293 40-44 1785
1972-1975 295 45-49 1731
249 50-54 1689
243 55-59 1661
+Diet h i s to r y  method
T5/T7.25AB
55
T ab le  7 .2 6 : C o -e ffic ien ts  of v a r ia tio n  from th e  m eans o f e n e rg y  in ta k e  of fo u r 
g ro u p s  o f women e x p re s s e d  as a) mean k ilocalo ries p e r  d a y , b ) mean o f TEI 
fa c to r  com pu ted  from BMR (F le isc h , 1951), c) mean of TEI fa c to r  com puted  
from BMR (FAQ/W HO/U NU , 1985) an d  d ) mean k iloca lo ries  p e r  kilogram  
b o d y  w e ig h t.
C oeffic ien ts  o f V a ria tio n (%)
Mean F le isch  Mean "UNU"M ean k c a l/ 
G roup Mean k c a l /d  TEI fa c to r  TEI fa c to r  k ilo g ram /d
H ousew ives
6 th  d eca d e  20.1  18.1 18.4 22.1
Sew ing m achine
w o rk e rs  22.8  27.3 23.8 34.0
B a k e ry  w o rk e rs  21.3 21.5 21.0  26.6
H ousew ives
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F ig u re  3.1
In te r re la t io n  o f h e a l th ,  econom ics, social co n d itio n s
*
a n d  d ise a se  in  th e  ag ed
A ging  P ro cess
C h ro n ic  D isease 
F re q u e n t In fe c tio n s
t
Poor N u tritio n
t
Ig n o ra n c e  o r  lack
o f N u tr itio n a l S ta n d a rd s\
In a d e q u a te  Food an d  




R ed u ced  E n e rg y
R etirem en t
Low E a rn in g  C ap ac ity
4
P o v e rty
Poor H ousing 
C onditions
S o u rce : R ao , D .B . :  P roblem s o f n u tr i t io n  in  th e  a g e d . Am. J .  o f 
G e r ia tr ic s  21 :364 , 1973.
T5
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F ig u re  3.2
In te r r e la t io n s h ip s  be tw een  u n iv e rs a l concom itan ts  o f a g in g  and
$
fre q u e n t p a tho log ica l seq u a lae
Biological A ging and  
A g e-D ep en d en t D iseases
B iologocal A g e -D e p en d en t
A g ing D iseases
In d e p e n d e n t 
V ariab le  ( s )
aC ellu la r Loss 
D ecline o f F u n c tio n
D ep enden t 
V ariab le  ( s )
A th e ro sc le ro s is
C an ce r
D iab e tes
S o u rce : S . G o ld s te in . T he ce llu la r b a s is  o f ag in g  C an . Fam. P h y s . 30:585, 
1984.




F i g u r e  6. 1 ( a , b ) P e r c e n t a g e  e n p e n d i t u r e  o f  l i m e  a n d  e n e r g y  in
o c c u p a t i o n a l  a c t i u i t i c s .
(Fig.6.la) OCCUPATIONAL ACTIVITIES
























O.WI. O.W.C. S.M.W. 
GROUP
S W - Steel Workers B.W .- Building Workers L.I.- Light Industry












F i g u r e  6 . 2 ( a , b )  P e r c e n t a g e  e H p e n d i t u r e  o f  t i m e  a n d  e n e r g y  in













O.WI O.W.C SJ1.W 
GROUP
(FIG.6 2b) NON-OCCUPATIONAL "WORK’




% DAILY E l .
O.W.E O.W.C SJ1.W
GROUP
S.W .- Steel Workers B .W .- Building Workers L.I.- Light Industry O.W .E.-










F i g u r e  G. 3 ( a , b )  P e r c e n t a g e  e H p e n d i t u r e  o f  t i m e  a n d  e n e r g y  in
o c c u p a t i o n a l  a c t i u i t i e s  p l u s  n o n - o c c u p a t i o n a l  " u n o r k " .
(Flg.6.3a) OCCUPATIONAL ACTIVITIES PLUS NON- 
OCCUPATIONAL "WORK"
% OF 24 HOURS
I
SW BW L.I. O.W.E O.WXS.M.W Bak.W F-Y F-0 RJ1 H1.A H.L.F
GROUP





S.W B.W L.l. O.Wf O.W.CST1.WBak.W F-Y F-0 R.M H1.A H.L.F
GROUP
S.W .- Steel Workers 
O.W .C.- O ffice Workers 
Clerical 
H .L.A.- H ousew ives  
Living Alone
B.W .- Building Workers 
S.M .W .- Sewing Machine 
F.Y.- Farmers Young 
H.L.F.- H ousewives Living 
With Family
L.I.- Light Industry 
Bak.W.- Bakery Workers 
F.O.- Farmers Old




F i g u r e  6 . 4 ( a , b )  P e r c e n t a g e  e H p e n d i t u r e  o f  t i m e  and  e n e r g g  in 
r e I a h a t i o n .
(Fig.6.4a) RELAXATION
% OF 24 HOURS
1
S.W BW L.I. O W f O.W.C S.M.W Bak.W F-Y F-0 R.M H.L.A H IT
GROUP
(Fig.6.4b) RELAXATION
X DAILY E f .
I
%
S.W B.W L.l. O.W.E O.W.C SJ1.W Bak.W F-Y
GROUP
F-0 R il H I.A  H.L.F
S.W .- Steel Workers 
O .W .C.- O ffice Workers 
Clerical 
H .L.A.- H ousewives 
Living Alone
B.W .- Building Workers 
S.M .W .- Sewing Machine 
F.Y.- Farmers Young 
H.L.F.- H ousewives Living 
With Family
L.I.- Light Industry O.W.E.- Offic Workers
B ak.W - Bakery Workers Executive
P.O.- Farmers Old R.M.- Retired Men
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F i g u r e  6 . 5 ( a , b )  P e r c e n t a g e  e H p e n d i t u r e  o f  t i m e  a n d  e n e r g y  in
r e l a H a t i o n  p l u s  n o n - o c c u p a t i o n a l  " w o r k " .
(Fig.6.5a) RELAXATION PLUS NON-OCCUPATIONAL "WORK"
OF 24 HOURS
I;:;;-:;;;:;:;:*




(Fig.6.5b) RELAXATION PLUS NON-OCCUPATIONAL "WORK"
X DAILY E.E.
SW. B.W. L.l. O.W.E. O.W.C. S.M.W. Bak.W.
GROUP
S.W .- Steel Workers B .W , Building Workers L A - L i g h t W  O.W.E.- W U .




F i g u r e  6 . 6 ( a , b )  P e r c e n t a g e  e H p e n d i t u r e  o f  t i m e  and e n e r g y  in 




S.W. B.W. L.l. O.W.E. O.W.C. S.M.W. Bak.W. F.Y. F.O. R.M. H.L.A. H.LJ.
GROUP
(Fig.6 .6b) BED













S.W. B.W. L.l. O.W.E. O.W.C. S.M.W Bak.W. F.Y. F.O. R.M. H.L.A. H.L.F.
GROUP
S.W .- S te e lw o rk er s  B .W , Building Workers ^
0  W 'C"  a " r to S  R Y . Farmers‘'young F.O.'- Farmers Old R.M .- Retired Men
H.L.A.- H ousew ives H .L .F , H ousewives Living
Living A lone Wllh Fanuly
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F i g u r e  6 . 7 ( a , b )  P e r c e n t a g e  o f  t i m e  ani l  e n e r g y  e u p e n d e d  in















F.Y. S.W. B.W. l . l .  OWE. OW.C R.M F.O. H.I.A. H.l.F. S.M.W Bak.W
GROUP
S.W .- S lc c l workers 
O .W .E .- O ffice  workers 
executive  
B ak .W .- B akery W orkers 
R .M .- Retired men
B.W .- B uilding workers 
O.W.C.- Office workers 
clerical 
F.Y .- Farmers young  
H . L . A . -H o u se w iv e s  liv in g  
alone
L.I.- L ight industry workers 
S.M .W .- Sewing machine 
workers 
F.O.- Farmers old 
H .L.F. - H o u sew ives liv ing  
with family
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Fiy l i re 6 . $ ( a , b )  P i i r c o n t a g e  o f  t i rno a n d  e n e r g y  e u p e n d e d  in
s t a n d i n g  n n d  " l i ght  a c t i u i t i e s "
(Fig.6.8a) STANDING AND "LIGHT ACTIVITY"
50 t
%OF 24 HOURS
F.Y. S.W. B.W. L.l. O.W.E. O.W.C. R.M. F.O. H.L.A. H.L.F. S.M.W Bak.W
GROUP







F.Y. S.W. B.W. L.l. O.W.E. O.W.C R.M. F.O. H.L.A. H.L.F. S.M.W Bak.W
GROUP
S .W .- S tee l workers 
O .W .E .- O ffice  workers 
executive  
B a k .W .- B akery  W orkers 
R .M .- Retired men
B .W .- B uilding workers 
O.W .C.- Office workers 
clerical 
F .Y .- Farmers young  
H . L . A . -H o u se w iv e s  liv in g  
alone
L .I.- L ight industry workers 
S.M .W .- Sew ing machine 
workers 
F.O .- Farmers old 
H .L.F. - H o u sew ives liv ing  
with family
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Fi yuri i  6 . 9  ( a , b ) P e r c e n t a g e  of  l i m e  a n d  e n e r y y  e u p e n d e d  in
" m o d e r a t e  a c t i u i t i e s "
(Fig.6 9a) "MODERATE ACTIVITY”

















11,1 * '* i
M
F.Y. S.W. B.W. L.l. O.W.E. O.W.C R.M. F.O. H.L.A. H.L.F. S.M.W Bak.W
GROUP
S .W .- S tee l workers 
O .W .E .- O ffice  workers 
executive 
B ak .W .- B akery W orkers 
R .M .- R etired men
B .W .- B uild ing workers 
O.W .C.- O ffice workers 
clerical 
F .Y .- Farmers young  
H .L .A .-H o u se w iv e s  liv in g  
alone
L .I.- L ight industry workers 
S.M .W .- Sew ing machine 
workers 
F.O .- Farmers old  
H .L .F. - H o u sew iv es liv in g  
with family
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F i g u r e  6 . 1 f)( a , b ) P e r c e n t a g e  o f  t i m e  a n d  e n e r g y  e w p e n d e d  in
" h e a u y a c t i u i t i e s "
( F i g . 6 . 1 0 a )  “HEAVY ACTIVITY"







< ni 11 IJH------- 1------- 1------- 1------- 1-------1------- 1------- 1------- 1------- 1------- 1










H-------1-------1------- 1------- 1------- 1------- f-------10  i iTrrnn ,----------- ,-----------* -
F.Y S.W. B.W. L.l. O.W.E.O.W.C. R.M. F.O. H.L.A. H.L.F. S.MW Bak.W
GROUP
S .W .- S te e l workers 
O .W .E .- O ffice  workers 
executive  
B a k .W .- B akery W orkers 
R .M .- R etired men
B .W .- B uild ing workers 
O .W .C.- O ffice workers 
clerical 
F .Y .- Farmers young  
H .L .A .-H o u se w iv e s  liv in g  
alone
L .I.- L ight industry workers 
S.M .W .- Sew ing machine 
workers 
F.O .- Farmers old  
H .L .F . - H ou sew ives liv in g  
with family
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F i g u r e  6 . 1 1 ( a , h )  P e r c e n t a g e  o f  t i m e  a n d  e n e r g y  e n p e n d e d  in
" u e r y  h c a u y a c t i u i t i e s "












■-» i------- 1------- 1------- 1-
F.Y. S.W. B.W. L.l. O.W.E. O.W.C. R.M. F.O. H.L.A. H.L.F. S.M.W Bak.W
GROUP




% DAILY E l .
20 ■
10 ■
F.Y. S.W. B.W L.l O.W.E. O.W.C R.M. F.O. H l.A . H.L.F. S.M.W Bak.W
GROUP
S .W .- S te e l workers 
O .W .E .- O ffice  workers 
executive  
B a k .W .- B akery  W orkers 
R .M .- R etired men
B .W .- B uilding workers 
O.W .C.- Office workers 
clerical 
F .Y .- Farmers young  
H .L .A .-H o u se w iv es  l iv in g  
alone
L .I.- L ight industry workers 
S.M .W .- Sew ing machine 
workers 
F .O .- Farmers old  
H .L .F . - H o u sew iv es liv in g  
with family
74
F i y u r c  6 . l 2 ( a , b )  Per  c un  I a y e  o f  I i in is a mi  e n e r y y  e i t p e i u l e d  in























F.Y. S.W. B.W. L.l. O.W.E. O.W.C R.M. F.O. H.L.A. H.L.F. S.M.W Bak.W
GROUP
S .W .- S tee l workers 
O .W .E .- O ffice  workers 
executive  
B ak .W .- B akery W orkers 
R .M .- Retired men
B.W .- B uilding workers 
O.W.C.- Office workers 
clerical 
F.Y .- Farmers young  
H . L . A . -H o u se w iv e s  liv in g  
alone
L.L- Light industry workers 
S.M .W .- Sewing machine 
workers 
F.O.- Farmers old  
H.L.F. - H ousew ives liv in g  
with family
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F i g u r e  6. 1 3 ( o , b 1 P e r c e n t a g e  o f  t i m e  a nd  e n e r g y  e x p e n d e d  in
p e r s ona l  and dr es s i ng
lFig.6.13a) PERSONAL. DRESSING





F.Y. S.W. B.W. L.l. O.W.E.O.W.C. R.M. F.O. H I.A . H i.F . S.M.W Bak W
GROUP
(Fig.6.13b) PERSONAL. DRESSING
X DAILY EI .
30 ■
20 •
F.Y. S.W. B.W. L.l. O.W.E.O.W.C R.M. F.O. H.L.A. H.L.F. S.M.W Bal W
GROUP
S .W .- S tee l workers 
O .W .E .- O ffice workers 
executive 
B ak .W .- Bakery W orkers 
R .M .- Retired men
B .W .- B uilding workers 
O.W .C.- Office workers 
clerical 
F .Y .- Farmers young  
H .L .A .-H o u se w iv es  liv in g  
alone
L.L- Light industry workers 
S.M .W .- Sewing machine 
workers 
F.O .- Farmers old 
H .L.F. - H ousew ives liv ing  
with family
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H y u r c G. M ( a , b ) P e r c e n t a g e  o f  t i m e  a n d  n n e r y y  c n p c n d e d  in
s hoppi ng
(Fit).6 .14a) SHOPPING
5 0  j  
4 0  ■■
3 0  ■
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F F F F
1T B ,  Esn, m ,
F.Y. S.W. B.W. L.l. O.W.E.O.W.C. R.M. F.O. H.L.A. H.L.F. S.M.W Bak.W
GROUP
S .W .- S tee l workers 
O .W .E .- O ffice  workers 
executive  
B ak .W .- B akery W orkers 
R.M .- Retired men
B .W .- B uilding workers 
O.W .C.- Office workers 
clerical 
F.Y .- Farmers young  
H .L .A .-H o u se w iv es  liv in g  
alone
L.I.- Light industry workers 
S.M .W .- Sewing machine 
workers 
P.O.- Farmers old 




ORIGINAL DATA FOR INDIVIDUALS
APPENDIX 1(a)
Table 1: Original da ta  for indiv iduals :
Light i n d u s t r y  (0 .1 ) ,  farmers (1 .1)
01001 1 64 1 6 6 . 0 7 1 . 2 83.  7 9 3 . 8
01002 1 64 1 6 3 . 8 5 9 . 0 8 8 . 4 12 9. 0
01003 1 63 1 76 .0 8 2 . 5 1 05 . 1 159 . 2
01004 1 55 1 6 0 . 0 56 . 7 10 1. 5 10 6. 9
01005 1 59 1 6 1 . 7 5 0 . 3 8 0 . 5 1 1 1 . 2
01006 1 60 162.  5 6 6 . 7 8 3 . 9 1 23 . 8
01007 1 66 1 6 2 . 0 8 2 . 1 7 1 . 2 1 0 2 . 8
01008 1 60 1 6 8 . 3 8 7 .5 8 0 . 3 1 42 . 6
01009 1 56 1 5 8 . 3 8 3 . 0 9 0 . 4 1 2 2 . 0
01010 1 60 1 5 8 . 8 6 5 . 8 100.  4 13 5. 9
01011 1 59 1 6 2 . 1 5 8 . 5 6 9 . 6 89. 7
01012 1 57 1 5 6 . 5 6 6 . 3 8 3 . 9 1 25 . 4
01013 1 57 158.  7 7 3 . 5 9 0 . 9 1 41. 6
01014 1 60 1 60 .0 71.  2 10 3. 1 1 46 . 3
01015 1 66 1 6 0 . 0 6 5 . 3 8 7 .3 1 47 . 9
01016 1 60 1 6 5 . 2 6 9 . 5 9 3 . 3 1 25 . 2
01017 1 61 1 7 4 . 0 8 6 . 2 1 08 . 9 165. 8
01018 1 58 1 7 2 . 0 71 .2 11 1. 3 173 . 1
01019 1 62 1 5 3 . 5 6 6 . 5 88 .9 108. 5
01020 1 65 1 6 6 . 5 6 0 . 3 91.  7 83 .3
01021 1 72 1 6 1 . 3 6 7 . 4 89 .7 12 1. 5
01022 1 63 1 7 0 . 0 5 7 . 5 8 9 . 0 1 2 1 . 1
01023 1 62 1 7 0 . 1 6 6 .3 83 .9 137. 8
01024 1 57 1 6 1 . 2 5 9 . 8 73.1 99. 7
11001 1 50 1 6 9 . 3 71 .8 1 1 3. 9 157 . 7
11002 1 60 170.  7 6 2 . 7 12 4. 0 173 . 5
11003 1 58 1 6 0 . 0 6 7 . 3 10 7. 5 145 . 2
11004 1 49 1 6 6 . 6 6 3 . 6 91 .9 1 85 . 1
11005 1 49 16 4 . 4 6 7 . 7 124 . 1 175 . 9
11006 1 44 1 7 9 . 9 10 5. 9 1 32 . 4 201. 7
11007 1 54 1 7 2 . 7 76 .8 1 05 . 3 2 0 2 . 2
11008 1 58 180.  7 8 0 . 5 1 15 . 9 155. 4
11009 1 58 1 8 2 . 5 8 1 . 4 13 5. 3 1 89 . 8
11010 1 51 1 81 .8 8 1 . 8 133 . 4 141. 2
11011 1 58 1 67 .0 9 5 . 0 127. 0 188. 8
11012 1 59 16 8. 7 7 1 . 8 98 .9 170 . 5
11013 1 52 1 70 .1 7 7 . 3 9 4 . 2 118 . 1
11014 1 57 1 6 2 . 6 8 0 . 0 107 . 5 154. 7
11015 1 60 1 7 3. 5 79 .5 141. 8 177 . 2
11016 1 62 1 6 6 . 4 1 1 5 . 5 85 .2 125. 4
11017 1 53 1 7 6. 5 6 1 . 8 107 . 8 159 . 9
11018 1 50 1 6 7 . 9 6 2 . 7 103.6 174. 3
11019 1 62 1 7 0 . 8 8 5 . 9 93 .9 105. 5
11020 1 62 1 6 6 . 6 7 8 . 2 99 .0 132. 5
11021 1 62 1 7 7 . 9 9 5 .5 8 8 . 1 1 1 0 . 0
11022 1 54 1 6 6 . 6 6 3 . 2 117. 6 147. 2
- v
33 7. 8  2597 2797 913 1 5 . 9  25 .0 4  1 .1 0
3 4 2. 8  2836 2986 999 1 5 . 4  21 .17  0 . 9 5
3 4 2. 0  3137 3320 1634 1 8 . 5  2 5 . 90  1 . 1 9
34 6 . 5  2669 2825 794 1 8 .1  21 .2 9  0 . 9 4
2 7 6 . 0  2516 2696 992 1 4 . 4  1 8 . 40  0 . 9
35 7. 2  2948 3079 664 1 5 . 4  2 4 . 40  1 . 0 1
33 5 . 9  2471 2681 889 1 3 . 7  26 .2 4  1 .0 3
36 4 . 4  2970 3150 1097 1 5 . 0  3 0 .1 0  1 . 2 0
5 0 2 . 9  3345 3526 855 2 0 . 2  3 2 .24  1 . 0 8
38 2 . 2  3115 3714 1124 1 8 .4  25 .2 2  0 . 9 8
29 8 . 3  2204 2185 755 1 2 . 3  21 .4 3  0 . 9 6
32 9 . 9  2703 2923 878 1 3 . 8  26 .47  0 .9 7
42 4. 5  3232 2832 1252 1 7 . 8  28 .30  1 .0 6
32 2 . 0  3010 2820 1458 1 5 .7  26 .95  1 . 0 6
39 3. 3  3157 2800 1034 1 6 .3  2 4 .65  0 .9 8
33 0 . 9  2813 2400 1267 1 7 .7  24 .66  1 . 0 6
45 1. 4  3656 3454 1653 1 5 .8  27 .74  1 . 1 9
36 5. 5  3376 2950 1577 1 9 . 5  23 .3 0  1 .0 8
4 89 . 4  3168 2868 1149 1 8 . 4  27 .47  0 . 9 5
38 1. 3  2658 2250 1272 1 6 . 2  20 .96  0 . 9 9
31 5. 0  2663 2200 875 1 4 . 5  25 .06  0 .9 8
34 3. 9  2921 2621 1581 1 0 . 8  19 .1 3  0 . 9 8
36 9. 8  3039 2750 984 1 5 . 9  22 .18  1 .1 0
3 58 .0  2575 2261 949 1 3 . 3  22 .17  0 .9 5
4 3 0 . 9  3510 3227 2261 1 4 .0  24 .28  1 .0 9
3 5 4 . 0  3454 3489 1514 2 3 . 6  20 .76  1 . 0 1
4 1 2 . 3  3285 3484 1008 1 8 .8  25 .42  1 . 0 1
37 2. 4  3578 4353 750 2 0 . 9  22 .1 2  1 . 0 2
56 7. 9  4210 4672 1990 2 0 . 5  24 .23  1 .0 4
40 8. 8  3881 4135 2272 2 0 . 0  3 2 .04  1 . 3 5
35 8. 6  3613 3723 1056 1 8 . 1  25 .01  1 .1 2
4 08 . 9  3398 3791 1625 1 9 . 9  23 .78  1 .2 0
51 9. 3  4224 4079 2078 2 8 .4  2 3 .77  1 .21
35 9. 3  3318 3402 1031 2 5 . 6  24 .08  1 .2 1
4 34 . 6  3840 4317 1784 1 9 .9  33 .2 7  1 .1 8
44 1. 1  3587 4390 1533 1 9 .1  24 .45  1 . 0 6
50 9. 0  3386 4015 1105 1 8 .2  25 .75  1 . 1 2
44 2. 4  3483 4063 1105 2 5 .6  29 .42  1 . 1 0
420 . 8  3805 3310 1736 2 1 .0  2 5 .67  1 .1 3
353 . 6  2815 3742 1098 1 4 . 6  4 0 .91  1 .2 7
42 3. 2  3459 2973 1477 2 0 .6  1 9 .13  1 .0 4
539 . 4  4007 3382 1418 21 .3  21 .46  1 .0 2
41 6. 0  2194 3104 1170 1 5 . 3  28 .69  1 .1 5
424 . 1  3190 3644 1522 1 8 . 2  27 .38  1 . 0 8
33 3. 0  2592 3026 912 1 3 . 9  29 .48  1 . 2 3
424 . 3  3405 3278 1160 24 .1  21 .97  1 .0 1
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Table  2 : O r ig ina l  d a t a  for  in d iv id u a l s :
Stee l  w o r k e r s  ( 2 . 1 ) ,  b u i ld in g  w o r k e r s  ( 3 . 1 ) ,  e x e c u t iv e s  ( G . l ) ,  
C le r ical  w o r k e r s  ( 7 . 1 ) ,  r e t i r e d  men ( 8 . 1 ) ,  f a rm e rs  o v e r  G5 y e a r s  ( 9 . 1 ) .
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9 91004 1 72
91005 1 71
/  / N
,c./ /
166. 0 61. 2
169. 5 69. 4
160. 4 74. 8
175. Q 81. 5
166. 0 65. 4
165. 0 1 0 0 . 0
168. 5 90. 4
163. 0 67. 5
176. 5 76. 3
165. 0 8 8 . 5
163. 0 77. 0
168. 0 82. 5
161. 0 77. 0
168. 0 67. 0
165. 0 63. 5
161. 0 69. 0
167. 0 77. 5
158. 0 82. 5
168. 0 75. 5
167. 0 79. 5
178. 0 72. 0
166. 0 65. 4
173. 0 79. 0
180. 0 77. 7
167. 0 55. 3
173. 0 57. 9
169. 0 56. 3
164. 0 59. 7
162. 0 67. 5
163. 0 60. 0
165. 0 81. 0
169. 0 67. 5
169. 0 78. 8
161. 3 6 6 . 0
158. 0 60. 5
164. 0 60. 0
166. 0 57. 0
162. 0 6 8 . 0
156. 2 53. 2
158. 8 63. 5
165. 1 76. 2
174. 0 70. 0
168. 3 79. 8
168. 9 77. 3
146. 7 67. 3
167. 0 83. 4
166. 3 59. 4
185. 2 83. 2
159. 6 71. 4
169. 0 80. 0
171. 4 70. 9




/  <* / V
84. 3 ’ n o . 7
129. 3 169 .3
1 0 0 . 9 119 . 8
103. 4 115 . 8
107. 1 124 . 2
136. 2 162 . 4
109. 1 135 . 2
1 1 1 . 1 148 . 7
1 2 2 . 9 172 .  1
70. 6 103 .5
109. 9 137 . 6
96. 5 148 .4
1 1 1 . 9 166 . 1
96. 1 144 .6
81. 0 101 .3
127. 2 116 .4
95. 6 128 .7
87. 8 93 .1
74. 4 127 . 1
103. 9 140 . 0
91. 2 123 . 7
78. 5 128 . 6
90. 0 103 .9
94. 5 126 .4
61. 4 81 . 8
85. 9 106 . 7
71. 9 107 . 8
64. 0 93 . 8
71. 3 95 . 8
103. 1 135 . 6
94. 3 114 .5
91. 4 121 .7
91. 6 123 .7
59. 4 98 .8
74. 6 97 .7
75. 5 126 .5
82. 2 114 .4
90. 1 122 .1
55. 5 71 . 1
74. 6 87 . 6
81. 6 87 .4
73. 2 111 .8
65. 5 84 . 1
69. 4 66 .5
57. 8 61 .7
84. 3 103 .9
71. 2 77 . 7
1 0 0 . 0 113 .0
87. 0 111 .0
1 2 1 . 0 155 . 0
80. 0 81 . 0
89. 0 109 . 0
//
2 8 7 . 1  2733
2 6 4 . 9  3036
3 5 4 . 7  2939
4 3 8 . 2  3324
3 7 6 . 3  3200
3 7 9 . 2  3628
3 6 1 . 6  3010
4 2 1 . 9  3365
4 6 9 . 8  3804
2 9 7 . 9  2329
3 8 4 . 2  3167
2 9 7 . 6  2904
4 9 8 . 9  4026
5 9 1 . 0  3905
3 1 0 . 6  2649
3 5 6 . 1  3111
2 9 7 . 4  2854
3 0 9 . 2  2740
3 5 8 . 4  2795
3 8 7 . 0  3218
4 0 5 . 5  3000
2 9 7 . 5  2637
3 1 1 . 4  2509
3 6 3 . 9  3003
2 0 6 . 6  1757
3 6 6 . 7  2826
3 5 1 . 3  2590
2 7 1 . 1  2118
2 5 0 . 1  2087
3 9 2 . 2  3112
2 0 6 . 9  2181
2 8 6 . 9  2728
2 3 1 . 0  2349
2 8 9 . 4  2213
2 7 3 . 1  2212
3 0 4 . 3  2583
2 7 5 . 3  2393
2 4 6 . 6  2577
2 2 5 . 1  1718
2 4 1 . 3  2017
2 7 4 . 2  2138
3 3 3 . 2  2547
2 0 6 . 6  1841
3 7 4 . 0  2280
1 7 5 . 5  1470
3 2 8 . 3  2499
2 59 . 6  1961
3 8 0. 0  2849
2 5 0 . 0  2285
4 1 4 . 0  3436
3 9 7 . 0  2535
2 1 7 . 0  2230





















































2 3 . 2  2 3 . 3 9  1 . 0 6
1 6 . 4  2 6 . 2 2  1 .0 8
1 9 . 4  2 5 . 8 1  1 .1 6
2 0 . 0  2 2 . 9 4  1 .0 0
2 3 . 0  3 6 . 1 4  1 .2 2
1 7 . 3  3 1 . 0 7  1 . 1 7
1 7 . 7  2 4 . 5 8  1 .0 1
2 2 . 7  2 3 . 7 9  1 .1 1
1 3 . 9  3 1 . 7 0  1 .1 8
2 0 . 7  2 8 . 1 5  1 . 0 9
2 1 . 6  2 8 . 5 0  1 .1 4
2 1 . 5  2 8 . 8 6  1 .0 9
1 5 . 9  2 2 . 9 6  1 .0 6
1 4 . 9  2 2 . 5 2  1 .0 1
2 5 . 6  2 5 . 7 7  1 .0 2
1 7 . 1  2 6 . 9 9  1 . 1 2
1 3 . 3  3 2 . 1 7  1 . 0 9
1 4 . 0  2 5 . 9 7  1 .08
1 8 . 3  2 7 . 7 2  1 .0 9
1 7 . 2  2 2 . 0 3  1 . 0 8
1 6 . 1  2 2 . 9 3  1 . 0 0
2 0 . 0  2 5 . 6 6  1 .1 2
1 7 . 5  2 3 . 3 0  1 .1 4
1 2 . 4  1 9 . 0 3  0 .9 3
1 5 . 5  1 8 . 6 1  0 .9 8
1 4 . 1  1 8 . 9 4  0 .9 6
1 1 . 8  2 1 . 3 8  0 .9 7
8 . 9  2 4 . 8 8  1 .0 1
1 8 . 6  2 1 . 75  0 .9 9
1 5 . 8  2 8 . 9 4  1 .1 1
1 5 . 1  2 2 . 8 6  1 .0 5
1 3 . 2  2 6 . 8 2  1 .0 8
1 1 . 5  2 4 . 5 2  0 .9 9
1 4 . 6  2 3 . 3 5  0 .9 5
1 1 . 3  2 1 . 4 9  0 .98
1 6 . 3  1 9 . 8 9  0 .9 6
1 8 . 6  2 5 . 07  1 .0 1
8 . 2  2 0 . 9 0  0 .84
1 1 . 7  2 4 . 3 1  0 .9 4
1 9 . 3  2 7 . 1 5  1 .0 2
1 2 . 8  2 2 . 3 9  1 .0 2
1 2 . 0  2 7 . 4 0  1 .09
1 6 . 2  2 6 . 3 3  1 .04
1 0 . 6  3 0 . 2 5  0 . 9 2
1 5 . 8  2 9 . 1 5  1 .0 7
1 0 . 8  2 0 . 6 6  0 .9 2
1 9 . 3  2 3 . 6 1  1 .1 8
1 5 . 0  2 7 . 1 7  0 .9 8
1 9 . 0  2 7 . 2 3  1 .05
1 4 . 3  2 3 . 3 8  1 .02
1 3 . 4  2 7 . 5 0  1 .15
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Table 3: Original da ta  for indiv iduals :
Housewives alone ( 1 .2 ) ,  housewives with family (2 .2 ) .
120 0 1 2 68 148 . 5 6 6 . 3 5 7 . 2 6 9 . 0 16 8. 5 1483 1555 732 1 0 . 6 2 9 . 30 0 . 8 5
12002 2 65 1 5 1 . 0 7 1 . 5 4 5 . 6 8 6 . 5 28 4. 8 2028 2034 753 1 1 . 2 3 0 . 7 0 0 . 8 8
12003 2 66 151.  0 5 0 . 8 6 1 . 3 9 1 . 6 249 . 4 2006 1934 781 1 0 . 6 2 1 . 62 0 . 78
12004 2 60 16 1 . 5 5 3 . 5 6 5 .5 9 0 . 8 1 95 . 0 1810 1921 649 1 1 . 3 1 9 . 9 4 0 . 8 2
12005 2 66 1 5 9 . 0 5 0 . 8 75 .3 10 5. 7 26 2. 4 2240 2409 1134 14 .3 1 9 . 5 0 0 . 8 1
12006 2 64 1 6 1 . 5 7 0 . 8 8 4 . 7 10 5. 8 2 73 . 6 2320 2239 997 15 .2 2 6 . 5 7 0. 96
12007 2 66 1 5 9 . 0 7 5 . 2 5 6 . 9 7 4.8 21 5. 3 1709 1759 680 9 . 6 2 9 . 1 5 0 . 98
12008 2 68 1 5 1 . 0 4 1 . 7 2 9 .8 5 2 . 4 1 3 9 . 5 1115 1581 746 3 .2 1 7 . 6 3 0.  75
12009 2 64 1 5 1 . 0 6 6 . 7 6 4 . 0 8 6 . 3 31 2. 6 2206 2222 966 1 0 . 5 2 8 . 59 0.  85
12010 2 63 1 61 . 5 6 0 . 3 7 8.1 102 . 4 282 . 3 2294 2279 1073 1 4 . 3 2 2 . 1 0 0 . 8 6
12011 2 69 1 51 .2 4 9 . 0 5 8 . 7 72 .4 24 2. 6 1796 1891 617 9 .7 2 1 . 2 2 0 . 77
12012 2 68 1 53 .0 5 6 . 7 5 5 . 4 9 4 . 2 265 . 8 2068 1962 714 1 2 . 4 2 3 .5 8 0 . 8 1
12013 2 65 162.  5 76 .1 5 9 . 0 8 2 . 1 21 6. 2 1824 2196 1223 1 0 . 8 2 8 .2 5 0 . 9 7
12014 2 69 1 61 .6 8 0 . 0 5 2 . 8 9 6 . 7 2 0 2 . 0 2105 2016 1137 8 . 0 3 0 . 10 0 . 9 8
12015 2 69 1 5 3 . 0 5 8 . 5 7 2 . 1 9 3 . 0 26 7. 0 2126 2000 612 1 5 . 4 24 .3 5 0 . 82
12016 2 64 1 34 .0 4 1 . 4 6 5 .5 72 .2 17 0. 3 1552 1492 836 1 0 .9 2 2 . 17 0 . 5 7
12017 2 69 1 53 .5 6 1 .2 61 .8 76.9 20 9. 6 1916 2093 851 1 0 . 9 25 .3 4 0 . 8 4
22001 2 59 14 4. 8 5 4 .8 4 9 . 3 6 6 . 8 17 0. 8 1437 2177 427 1 1 . 5 2 5 .4 2 0. 79
22002 2 54 1 54 .5 5 4 .0 4 2 .2 6 1 . 2 160 . 1 1319 2438 490 9 .1 21 .9 9 0 .8 4
22003 2 56 15 7. 5 67 .5 8 5 . 6 102 . 4 163 . 5 1878 2609 691 1 7 . 8 26 .6 1 0 . 9 4
22004 2 60 1 49 .9 63 .5 5 2 . 0 8 3 . 8 168 . 4 1595 2219 707 8 . 2 2 7 .5 9 0 . 8 6
22005 2 60 1 4 8 . 5 78 .0 7 4 . 2 11 6. 4 33 1. 3 2590 2684 665 1 3 . 2 34 .6 9 0 . 9 4
22006 2 66 16 5. 5 75 .8 6 7 . 1 9 4 . 0 248 . 9 2049 2378 1018 1 1 . 2 2 7 .1 3 0 . 9 8
22007 2 59 15 6. 4 68 .5 6 8 . 2 9 3 . 8 263 . 5 2100 2496 690 1 1.4 27 .3 9 0 . 9 2
22008 2 57 1 42 .0 4 9 . 3 5 5 . 9 9 3 . 9 214 . 3 1874 2122 747 1 3.0 23.  71 0 .7 6
22009 2 66 1 5 6. 2 62 .2 71 .6 104 . 8 30 4. 5 2371 2398 1000 12 .5 24 .8 8 0 . 8 7
22010 2 55 1 56 .5 57 .1 72 .1 9 2 . 2 289.  7 2206 2373 925 1 1 . 9 2 2 . 70 0 . 8 7
22011 2 63 15 6. 0 49 .6 5 5 . 7 76 .3 14 9. 1 1469 2046 733 8 .5 1 9 . 72 0. 79
22012 2 55 1 47 .3 49 .5 5 1 . 9 75 .8 203 . 5 1738 2123 548 1 2 . 1 22 .1 3 0 . 78
22013 2 60 157. 4 52 .3 5 8 . 4 88 .3 244. 8 1947 1825 844 9 .5 20 .5 0 0 . 8 3
22014 2 55 15 6 . 0 64 .9 8 2 . 3 131. 3 336 . 8 2773 2926 1211 17 .3 26 .05 0 . 9 2
22015 2 65 1 56 .0 5 4 . 0 4 0 . 9 8 7 . 2 252 . 6 1897 2000 936 7.9 21 .5 7 0 . 8 3
22016 2 57 16 2 . 0 4 6 . 7 6 3 . 3 105 . 0 29 6. 3 2315 1958 1265 8 .7 1 7 .2 2 0 . 8 1
22017 2 60 1 57 . 0 52 .3 6 0 . 6 104 . 6 235 . 9 2069 2109 902 1 1 . 1 20 .6 1 0 . 8 2
22018 2 62 1 5 8 . 0 7 4.5 8 5 . 6 8 5 . 6 256 . 8 2074 2543 600 1 4 . 6 29 .2 4 0 . 9 6
22019 2 56 1 68 . 8 66 .7 5 8 . 1 10 3. 7 19 2. 7 1978 2165 570 1 2 . 8 2 2 . 8 8 0 . 9 8
22020 2 62 1 51 . 1 70 .8 4 5 . 6 6 0 . 5 1 59 . 4 1327 2018 638 7.4 3 0 . 35 0 . 9
22021 2 62 1 60 . 5 5 6.7 5 2 . 9 73 .2 222 . 9 1708 1795 692 1 1 . 3 21 .39 0 . 8 6
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Table  4: O r ig ina l  d a t a  for  in d iv idua l s  
Sewing w o r k e r s  ( 3 . 2 ) ,  b a k e r y  w o rk e r s  ( 4 . 2 ) .
32001 2 55 1 4 8 . 5 60.  2 7 6 .1 1 08 . 8 186.  7 2020 2020 623 1 7 . 4 2 6 . 6 2 0 . 8 6
32002 2 54 1 61 . 5 8 2 . 5 5 4 . 1 94.  7 23 5. 8 1968 2323 372 1 1 . 2 3 1 . 0 6 1. 04
32003 2 55 1 51 . 0 6 9 . 9 5 6 . 4 10 6. 1 1 65 . 4 1802 2179 601 9 . 6 2 9 . 99 0 .9 2
32004 2 51 1 40 .0 4 3 .0 6 9 . 3 12 5. 5 3 0 6. 1 2644 2577 567 1 3 . 5 21 .1 7 0 . 72
32005 2 56 1 5 6 . 5 5 9 . 9 7 9 .1 1 2 2 . 6 25 6. 6 2381 2035 916 1 4 . 4 23 .8 4 0 . 8 8
32006 2 57 1 54 . 9 5 9 . 8 7 1 .8 9 6 . 7 2 92 . 5 2255 2533 927 1 4 . 6 2 4 . 3 0 0 . 87
32007 2 60 1 63 . 0 7 0.6 65.  7 9 7.6 30 4. 3 2296 2352 1092 1 3 . 0 2 5 . 97 0 .9 6
32008 2 55 1 5 2 . 4 8 7 . 4 6 2 . 8 1 04 . 3 28 1. 3 2246 2409 877 1 1 . 4 3 6 .9 8 1 . 0 2
32009 2 55 15 8. 5 6 1 .3 7 4 . 9 1 01 . 9 195 . 5 1951 2057 783 14.  7 2 3 .8 0 0 .91
32010 2 59 15 9. 9 6 8 . 8 6 7 . 5 9 7 . 1 291 . 4 2237 2249 866 1 1 . 8 26 .3 2 0. 94
32011 2 53 16 5. 0 8 6 . 2 4 0 . 3 5 1 . 3 4 7 . 5 801 2492 458 4 . 2 31 .10 1 .09
32012 2 56 15 4. 5 5 8 . 9 5 3 . 1 95.  7 23 1. 3 1942 2151 674 8 . 7 24 .05 0 . 8 6
32013 2 58 1 54. 9 5 8 . 8 6 0 . 9 106 . 2 262 . 1 2174 2507 822 1 2 . 0 23 .8 8 0 . 86
32014 2 53 16 2. 0 6 3 .9 4 3 . 0 71 .0 1 97 . 2 1555 2464 610 8 . 6 23.  78 0 .94
32015 2 52 1 60 .0 7 3 . 2 6 9 . 2 1 12 . 7 22 7. 0 2143 2249 992 1 1 . 6 2 8 . 01 0 .9 9
32016 2 55 15 9. 5 71. 3 6 8 . 0 9 2 .0 1 98 . 1 1841 2326 780 1 2 . 6 2 7 . 44 0 .9 7
32017 2 53 148. 0 5 3 . 5 9 0 . 0 1 32 . 1 3 77 . 5 2971 2018 1190 1 5 . 0 23 .7 4 0 .82
32018 2 57 16 8. 0 72 .5 9 3 . 5 1 24 . 6 263. 9 2482 2172 1524 1 3 . 5 25 .1 6 1 . 0 0
32019 2 52 176. 5 9 1 .3 8 3 . 5 1 41 . 4 36 8. 0 2988 2981 1424 1 6 . 1 28 .8 3 1 .1 7
32020 2 58 1 63 .0 6 7 . 8 5 2 . 0 76 .8 246 . 3 1823 2345 617 1 1 . 1 2 4 .9 5 0 .9 6
42001 2 50 15 1. 0 5 7 . 1 65.  7 8 4 . 0 208 . 7 1802 2195 421 1 7 . 4 2 4 . 38 0 . 8 6
42002 2 54 1 48 .0 44.  5 3 7 . 0 5 9 . 2 204 . 3 1448 1982 351 7 . 1 19 .6 3 0. 75
42003 2 53 15 5. 0 5 1 . 6 79 .8 1 2 1 . 2 1 96. 6 2144 2115 1080 1 2 . 0 20 .8 5 0 .8 3
42004 2 55 15 2. 5 5 0 . 8 74 .0 8 3 . 2 17 9. 0 1711 2001 807 1 2 . 3 2 1 . 2 0 0 . 8 2
42005 2 50 15 4. 0 6 6 . 5 8 0 . 4 1 19. 4 260. 7 2376 2390 833 1 7 . 3 27 .40 0 . 9 3
42006 2 55 150. 0 5 5 . 8 10 8. 3 1 55 . 9 3 43 . 0 3143 2311 1159 2 1 . 2 2 4.13 0. 83
42007 2 50 18 2. 5 4 9 . 0 10 4. 3 14 1. 5 2 64 . 6 2706 2337 1602 1 6 . 9 20 .4 2 0 . 8 1
42008 2 54 144. 0 8 8 . 6 8 7 . 5 171. 1 255. 4 2849 3351 1119 1 4 . 3 4 2 . 00 1 . 0 1
42009 2 51 16 2. 0 5 7 . 5 5 7 . 9 1 0 1 . 1 3 38 . 8 2421 3393 626 1 2 . 0 21 .34 0 .9 1
42010 2 56 15 5. 5 6 4 . 2 7 5 .2 75 .2 3 66 . 5 2353 2873 1035 1 2 . 9 2 5.93 0 .91
42011 2 60 14 6. 5 6 2 . 5 4 1 . 7 6 1 . 9 2 02 . 9 1485 2168 575 8 . 4 28 .42 0 .8 4
42012 2 57 1 5 3. 0 7 5 . 9 4 8 . 3 8 3 . 0 2 25 . 1 1808 2617 655 8 . 1 31 .7 8 0 . 9 5
42013 2 60 1 53 . 5 5 5 . 0 7 0 . 4 1 14 . 7 2 55 . 5 2273 2403 946 1 3 . 7 22 .7 0 0 .8 3
42014 2 52 1 6 7 . 0 8 9 . 4 7 9 . 6 1 13 . 4 2 36. 8 2219 2991 870 1 2 . 1 3 1.51 1 . 1 1
42015 2 57 1 64 . 5 7 4 . 9 8 7 .8 1 28 . 9 2 14. 5 2317 2636 807 1 3 . 8 2 7.12 1 . 0 0
42016 2 63 1 57 . 0 6 3 . 8 7 3.7 124. 0 2 25 . 7 2253 2414 1017 1 4 . 2 25 .2 7 0 . 9 2
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Table 5: Original da ta  for indiv idua ls :
Middle-aged housewives  ( 7 .2 ) ,  D augh te r s  of middle-aged housewives ( 8 .2 ) .
72001 2 58 1 6 0 . 0 6 7 . 3 65 .4 113 . 9 2 1 9. 5 2030 2 0 0 0 776 1 2 .2 2 5 . 60 0 . 9 8
72002 2 52 1 5 8 . 8 6 5 . 0 4 6 . 5 95 .7 24 1. 4 1920 1764 650 8 . 5 2 5 . 10 0 . 9 4
72003 2 51 1 6 0. 0 6 9 . 5 76 .1 76 .2 275 . 0 2 0 0 0 2 1 2 0 564 1 4 . 1 2 6 . 60 0 . 9 7
72004 2 51 1 6 1 . 3 6 0 . 0 6 8 . 5 9 8.4 2 7 3. 3 2360 2194 787 1 4 . 5 2 2 .5 0 0 . 92
72005 2 61 1 6 7 . 6 6 5 . 9 64 .5 110.  7 23 8. 7 2 1 0 0 2191 969 1 1 . 3 2 3 . 0 0 0 . 9 5
72006 2 46 1 6 1 . 3 5 8 .6 70 .3 105 . 0 27 0. 5 2250 2047 989 1 3 . 0 2 1 . 90 0 . 9 2
72007 2 53 1 6 0 . 8 6 0 . 0 72 .7 9 6 . 8 3 0 1. 9 2240 2089 974 1 2 .2 2 2 . 50 0 .9 1
72008 2 45 1 6 0 . 0 6 5 . 9 6 9 . 2 9 0 . 8 1 6 6. 8 1590 1984 970 9 . 5 2 5 . 1 0 0 . 9 7
72009 2 53 15 2 . 4 7 3 . 2 75 .6 9 8 . 2 1 9 3. 6 1880 1896 483 1 5 . 4 30.  70 0 . 9 5
72010 2 51 1 6 2 . 6 6 4 . 5 4 6 . 7 85 .8 27 0. 8 2 0 1 0 2335 513 1 1 .1 2 3 . 9 0 0 . 9 5
72011 2 50 1 51 . 1 7 3 . 6 6 0 . 9 118 . 6 300.  7 2440 2288 944 1 2 . 4 3 1 . 5 0 0 . 9 6
72012 2 45 1 5 6 . 2 4 9 . 1 6 8 . 2 9 0 . 0 31 3. 9 2410 2187 938 1 3 .8 1 9 . 5 0 0 . 84
82001 2 20 1 62 . 6 5 2 . 0 -99 -99 -99 1777 2027 -99 -99 1 9 . 1 0 -99
82002 2 25 153.  7 5 3 . 0 -99 -99 -99 1841 1995 -99 -99 2 1 . 90 -99
82003 2 20 1 67 .6 5 1 .5 -99 -99 -99 2080 212 1 -99 -99 1 7 . 80 -99
82004 2 16 1 65 .1 6 3 . 5 -99 -99 -99 2 0 1 1 2848 - 99 - 99 2 2 . 80 -99
82005 2 26 1 6 7 . 6 5 6 . 5 -99 -99 -99 2377 2372 - 99 -99 1 9 . 6 0 -99
82006 2 17 170.  2 5 6 . 0 -99 -99 -99 2700 2497 -99 - 99 1 8 . 90 -99
82007 2 23 1 7 5 . 4 7 3 . 0 -99 -99 -99 2332 2 2 2 0 -99 - 99 2 3 .3 0 -99
82008 2 18 1 5 8 . 8 5 3 . 5 -99 -99 -99 2 0 2 1 1819 -99 - 99 2 0 . 80 -99
82009 2 20 1 6 7 . 6 7 0 . 5 -99 -99 -99 1857 2281 -99 - 99 2 4 . 60 -99
82010 2 27 1 6 5 . 1 5 4 . 5 -99 -99 -99 2362 2272 - 99 - 99 19 .4 0 -99
82011 2 17 1 5 2 . 4 4 6 . 0 -99 -99 -99 2720 2550 - 99 - 99 1 9 . 1 0 -99
82012 2 17 1 5 3 . 7 5 2 . 0 -99 -99 -99 2532 2067 -99 -99 2 1 .5 0 -99
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DERIVED DATA FOR INDIVIDUALS
A P P E N D I X  1 ( b )
Table  1: D e r ived  d a ta  for  in d iv id u a l s :  
L ight  i n d u s t r y  ( 0 . 1 ) ,  f a rm e rs  (1 .1 )
. ' .  / o ' 7  &  /  A  /  A  ^
y 7 /  . / ■ / >  /  /  . / / / ,
* /  e  /  * > / *  y <
01001 39.2 36.4 2697 1.76 1.17 32.2
01002 50.6 46.0 2911 2.16 1.49 31-1
01003 40.2 36.0 3226 1.93 1.27 33-4
01004 49.6 47.0 2747 2.06 1.79 36.0
01005 53-5 50.0 2606 2.06 1.60 32.0
01006 46.1 44.2 3013 2.11 1.25 26.4
01007 32.6 30.1 2576 1.60 .667 26.6
01006 36 33-9 3060 1.62 .916 27.0
01009 42.4 40.3 3435 2.26 1.09 27.0
01010 56.4 47.3 3414 2.63 1-52 32-2
01011 37.3 37.6 2194 1.56 1-19 31-5
01012 44.0 40.7 2613 2.09 1.26 31-0
01013 35.5 43.9 3032 1.65 1.23 26.1
01014 39.6 42.2 2915 1.64 1.44 34.2
01015 42.6 46-3 2976 1.96 1.33 27.6
01016 34.5 40.4 2606 1-57 1-34 33-1
01017 40.0 42.4 3555 2.01 1.26 29.7
01016 41.4 47.4 3163 1.69 1-56 32.9
01019 43-1 47.6 3016 2.09 1-33 26.0
01020 37-3 44.0 2454 1-57 1-52 34-5
01021 32.6 39.5 2431 1-55 1.33 33-6
01022 45-5 50.5 2771 1.65 1-54 30.4
01023 41.4 45-3 2694 1.73 1.26 27.6
01024 37.6 43.0 2416 1-65 1.22 26-3
I 1001 3 3 2  ‘0& 3 X - S
1 1 0  03. S f ' i X-l+C 3S"9
11003 51.7 46.6 3364 2.39 1-59 32.7
11004 66.4 56.2 3965 2.96 1.44 25.6
11005 69.0 62.1 4441 3-H 1.63 29.4
11006 39.0 36.6 4006 2.12 1.25 34.1
11007 46.4 47.0 3666 2.30 1-37 29.1
11006 47.0 42.2 3594 2.19 1-43 34.1
11009 50.1 51.6 4151 2.34 1.66 32.0
11010 41.5 40.5 3360 1-95 1-63 40.2
11011 45.4 40.4 4076 2-54 1-33 33-0
11012 61.1 49.9 3966 2.67 1.37 27.5
11013 51.9 41.6 3700 2.46 1.21 27.6
11014 50.7 43-5 3773 2.56 1-34 30.6
11015 41.6 47.6 3557 2.03 1.76 37.2
11016 32-3 24.3 3276 2.04 0.74 30.2
11017 46.1 55-9 3216 1.96 1.74 31-1
11016 53-9 63.9 3694 2.30 1-65 25.6
11019 36.1 25.5 2649 1.67 1.09 42.6
11020 46.5 40.7 3417 2.34 1.26 31-0
11021 31.6 27.1 2609 1.70 .922 33-9
11022 51.6 53-6 3341 2.23 1.66 14  s
APPENDIX 1(b)
T ab le  2: D erived  d a ta  for in d iv id u a ls :
S tee l w o rk e rs  ( 2 .1 ) ,  b u ild in g  w o rk e rs  ( 3 .1 ) ,  e x e c u tiv e s  ( 6 .1 ) ,  
C le rica l w o rk e rs  ( 7 .1 ) ,  r e t i r e d  men ( 8 .1 ) ,  fa rm e rs  o v e r  65 y e a r s  ( 9 .1 ) .
• '  • / jiP  '/vvC\ .
A / v s S V
21001 42.5 44.6 2666 1.64 1.37 30.6
21002 47.4 43-7 3163 2.15 1.66 42.5
21003 51.4 39.2 3395 2.47 1.34 34.3
21004 37.0 40.7 3171 1.60 1.26 31-1
21005 46.6 46.9 3125 2.11 1.63 33-4
21006 37.0 36.2 3667 2.11 1-36 37.5
21007 43-7 33-2 3464 2.34 1.20 36.2
21006 36.4 49.6 2961 1.76 1.64 33-0
21009 44.6 49.6 3606 2.13 1.61 32.3
31001 37.4 26.3 2623 1-95 .796 30-3
31002 44.2 41.1 3269 2.17 1.42 34.7
31003 40.0 35-2 3106 2.01 1.17 33.2
31004 36-5 52.2 3422 1.79 1-45 27.6
31005 55-7 56.2 3616 2.44 1.43 24.6
31006 36-4 41.7 2544 1.67 1.27 30.5
31007 **0-5 45.0 3059 2.04 1.64 40.9
31006 35-9 37.2 2635 1.72 1.23 33 1
31009 32 33-2 2690 1.66 1.06 32.0
61001 36.6 37.0 2656 1.67 .965 26.6
61002 41.1 40.4 ^245 2.06 1.30 32-3
61003 45-1 41.6 3125 2.06 1.26 30-3
61004 43-1 40.3 2730 1.96 1.20 29.7
61005 34.6 31-7 2623 1.69 1.14 35-6
61006 39.3 36.6 3031 1.66 1.21 31.4
61007 51 1 31-7 2293 2.11 1.11 34.9
61006 45.O 46.6 2716 1.64 1.46 30.4
61009 42.7 46.0 2497 1.73 1.27 27.7
61010 39.1 35-4 2229 1.67 1.07 30.2
71001 31-1 30.9 2094 1.44 1.05 34.1
71002 36.2 51-6 2702 1.60 1.71 33-1
71003 26.7 26.9 2255 1.45 1.16 43.2
71004 36.1 40.4 2562 1.61 1-35 33-5
71005 29.6 29.6 2352 1.51 1.16 39.0
71006 30.6 33-5 2117 1.41 .900 26.6
71007 35.2 36-5 2173 1-55 1.23 33-7
71006 39.2 43-0 2466 1.66 1.25 29.2
71009 32 41.9 2106 1-31 1.44 34.3
71010 42.7 37.9 274J 2.00 1.32 34.9
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Table  2 Cont 'd :  Ret ired  men (8 .1 )
and  fa rm ers  over  65 y ea r s  (9 .1 )
/
/
1 . A i (
51001 40.4 32.3 1935 1 22 1-04 32.3
61002 34.1 31.7 2093 1-60 I-17 37 -0
61003 31-1 28.0 2254 1.61 1.07 38.1
61004 36-5 36-3 2553 1 74 1.04 25.7
61005  38.4 23.0 2454 1.95 -820 35-5
81006 33-2 29.5 2423 1.71 .898 30-4
81007 26.0 21.8 1612 1.32 .859 39-3
81008 33-6 29.9 2655 1.82 1.01 33.7
81009 34.6 33-0 2011 1.55 1.19 36.3
91001 40.7 34.2 3120 1.99 1.20 35.1
91002 34.2 32.0 2366 1.73 1.21 38.0
91003 39.3 42.9 3290 2.07 1.51 35 2
91004  37-0 35.7 2552 1.78 1.12 31-5
91005 39.4 25.5 2835 2.07 1.01 39.9
APPENDIX 1(b)
Table 3: Derived data  for ind iv idua ls :
Housewives alone ( 1 .2 ) ,  housewives with family (2 .2 ) .
/ x




12001 23-4 22.3 1519 1.27 .864 38.6
12002 26.4 26.3 2031 1.60 .638 22.5
12003 36.0 39.5 1970 1.72 1.20 .30.5
12004 35-9 33-6 1665 1.62 1.22 36.1
12005 47.4 44.1 2324 2.06 1.45 33-6
12006 31-6 32.7 2279 1.61 1.19 36.5
12007 23-3 22.7 1734 1.24 .757 33-3
12006 37.9 26.7 1346 1.46 .716 26.7
12009 33-3 33-0 2214 1.81 .960 29.0
12010 37.7 36.0 2266 1.54 1.29 34.0
12011 36.5 36.6 1643 1.70 1.19 32.6
12012 34.6 36.4 2015 1.68 .977 26.5
12013 26.6 23.9 2010 1-57 .776 32.3
12014 25.2 26.3 2060 1.42 .66 25-0
12015 34.1 36-3 2063 1.69 1.23 33-9
12016 36.0 37.4 1522 1 0  ? i . i  j 1.55 42.2
12017 34.1 14.9 1504 1.73 1.01 67.4
22001 39.7 26.2 1607 1.91 .599 34.2
22002 45-1 24.4 1676 2.01 .781 31.9
22003 36.6 27.6 2243 1.92 1.26 45-5
22004 34.9 25.1 1907 1.79 .52 32.6
22005 34.4 33-2 2637 1.98 •951 25.6
22006 31-3 27.0 2213 1.66 .885 32.7
22007 36.4 30.6 2298 1.55 .996 32.5
22006 43-0 36.0 1996 1.93 1.13 29.8
22009 36.5 36.1 2364 1.91 1.15 30.2
22010 41.5 36.6 2269 1.69 1.26 32.6
22011 41.2 29.6 1757 1.79 1.12 37.9
22012 42.6 35-1 1930 1.89 1.04 29.8
22013 34-6 37.2 1666 1-52 1.11 29.9
22014 45.0 42.7 2649 2.20 1.26 29.6
22015 37.0 35-1 1946 1.67 .758 21.5
22016 41.9 49-5 2136 1.67 1.35 27.3
22017 40.3 39.5 2069 1.78 1-15 29.2
22016 34.1 27.6 2306 1.63 1-15 41.2
22019 32.4 29.6 2071 1-53 .671 29.3
2&020 26.5 16.7 1672 1-55 .644 34-3
2202 1 31.6 30.0 1751 1.44 -933 3 1-0
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T ab le  4: D eriv ed  d a ta  fo r in d iv id u a ls :  
Sew ing  w o rk e rs  ( 3 .2 ) ,  b a k e ry  w o rk e rs  (4 .2 )
V  / / / / *
/  i i
32001 33-5 33-5 2020 1.63 1.26 37.6
32002 23.1 23.3 2145 1-55 .656 27.5
32003 31-1 25.7 1990 1.64 .307 31-3
32004 59.9 61.5 2610 2.43 1.61 26.2
32005 33-9 39.7 2203 1.60 1.32 33-2
32006 42.3 37.7 2394 2.02 1.20 31-3
32007 33-3 32.5 2324 1.70 .930 23.6
32003 27.5 25.7 2327 1.64 .713 27.9
32009 33-5 31-3 2004 1-56 1.22 33.4
32010 32.6 32.5 2243 1.66 .931 30.1
32011 23.9 9.30 1646 1.53 .463 50.3
32012 36.5 32.9 2046 1.73 .902 27.3
32013 42.6 36.9 2340 2.02 1.03 23.0
32014 33.5 24.3 2009 1.32 .673 27.6
32015 30.7 29.2 2196 1-57 .945 32.2
32016 32.6 25-3 2033 1.66 .954 36.9
32017 37.7 55-5 2494 1.70 1.63 30.2
32013 29.9 34.2 2327 1.50 1.29 37.6
32019 32.6 32.7 2934 1.76 .914 27.9
32020 34.5 26.9 2034 1.69 .767 23-5
42001 33.4 31-5 1993 1.77 1-15 36.4
42002 44.5 32.5 1715 1.33 .332 25-5
42003 40.9 41.5 2129 1.76 1-54 37.2
42004 39.3 33-6 1356 1.69 1-45 43-2
42005 35-9 35-7 2333 1.73 1.20 33-3
42006 41.4 56.3 2727 1.93 1.94 34.4
42007 47.6 55-2 2521 2.00 2.12 33.5
42003 37.3 32-1 3100 2.30 .937 30.7
42009 59.0 42.1 2907 2.53 1.00 23-9
42010 44.7 36.6 2613 2.19 1.17 31-9
42011 34.6 23.7 1326 1.79 .663 23.1
42012 34.4 23-3 2212 .132 .636 26.7
42013 43.6 41.3 2333 2.01 1.23 30.9
42014 33-4 24.3 2605 1.37 .391 35-3
42015 35-1 30.9 2476 1.33 1.17 37.9
42016 37.3 35-3 2333 1.32 1.15 32.7
APPENDIX 1(b)
Table 5: Derived data for indiv iduals :
Middle-aged housewives  (7 .2 ) ,  D augh ters  of middle-aged housewives  (8 .2)
/ #  /  ^  $■ 
$  , ^  /  p  ■£ /Jkf ■' .o 
&  /< ■  ^
72001 29.7 30.1 2015 1.41 .972 32-2
72002 27.1 29.5 1642 1.30 .716 24.2
72003 30.5 26.7 2060 1.51 1.09 36.0
72004 36.5 39-3 2277 1-65 1.14 29.0
72005 33-2 31-6 2145 1.60 .960 30.7
72006 34-9 36.3 2146 1-54 1.20 31-2
72007 34.6 37.3 2164 1-59 1.21 32.4
72006 30.1 24.1 1767 1.42 1-05 43-5
72009 25.9 25-6 1666 1.36 1.03 40.2
72010 36.2 31-1 2172 1.70 .725 23-2
72011 31-0 33-1 2364 1-65 .627 24.9
72012 44.5 49.0 2296 1.60 1.39 26-3
62001 36.9 34-1 1902 3-40 0 0
62002 37.6 34.7 1916 3-40 0 0
62003 41.1 40.3 2100 3-40 0 0
62004 44.6 31-6 2429 3-40 0 0
62005 41.9 42.0 2374 3-40 0 0
62006 44.5 46.2 2596 3-40 0 0
62007 3-01 31-9 1276 3-40 0 0
62006 34 37.7 1920 3-40 0 0
62009 32.3 26.3 2069 3-40 0 0
62010 41.6 43-3 2317 3-40 0 0
62011 55-4 59.1 2635 3-40 0 0
62012 39.7 46.6 2299 1-52 0 0
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APPENDIX III
BMR (FAO/W HO/UNU, 1985) a n d  f a c to r s  fo r  to ta l  e n e r g y  
e x p e n d i tu r e  a n d  to ta l  e n e r g y  in ta k e  d e r iv e d  from them  fo r  each  in d iv id u a l
APPENDIX III
Tab le  1: In d iv id u a l  b a sa l  m etabolic r a t e  ca lcu la ted  from p re d ic t io n  
e q u a t io n s  (FAO/W HO/UNU, 1985) ("UNU") an d  f a c to r s  fo r  to ta l  e n e r g y  
e x p e n d i tu r e  an d  to ta l  e n e r g y  in ta k e  d e r iv e d  from them .
S tu d y  No.* "UNU" "UNU" e n e r g y  "UNU" e n e r g y
S u b jec t  No. BMR in ta k e  fa c to r  e x p e n d i tu r e  fa c to r
01001 1448 1.79 1.93
01002 1284 2.21 2.33
01003 1601 1.96 2.07
01004 1537 1.74 1.84
01005 1462 1.72 1.84
01006 1653 1.78 1.86
01007 1595 1.55 1.68
01008 1894 1.57 1.66
01009 1842 1.82 1.91
01010 1642 1.90 2.26
01011 1558 1.42 1.40
01012 1648 1.64 1.77
01013 1732 1.87 1.64
01014 1705 1.77 1.65
01015 1369 2.31 2.05
01016 1685 1.67 1.42
01017 1650 2.22 2.09
01018 1705 1.98 1.73
01019 1385 2.29 2.07
01020 1301 2.04 1.73
01021 1397 1.91 1.57
01022 1263 2.31 2.07
01023 1382 2.20 1.99
01024 1573 1.64 1.44
11001 1712 2.05 1.88
11002 1606 2.15 2.17
11003 1660 1.98 2.10
11004 1617 2.21 2.69
11005 1664 2.53 2.81
11006 2107 1.84 1.96
11007 1770 2.04 2.10
11008 1813 1.87 2.09
11009 1823 2.32 2.24
11010 1828 1.82 1.86
11011 1981 1.94 2.18
11012 1712 2.10 2.56
11013 1776 1.91 2.26
11014 1807 1.93 2.25
11015 1801 2.11 1.84
11016 2046 1.38 1.83
11017 1596 2.19 1.89
11018 1606 2.50 2.11
11019 1647 1.33 1.88
11020 1543 2.07 2.36
11021 1776 1.46 1.70
11022 1612 2.11 2 .03
♦Light i n d u s t r y  (0 .1 )  an d  fa rm e rs  (1 .1 )
1
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T ab le  2: In d iv id u a l  b a s a l  m etabolic r a t e  ca lcu la ted  from p re d ic t io n  
e q u a t io n s  (FAO/W HO/UNU, 1985) ("UNU” ) an d  f a c to r s  fo r  to ta l  e n e r g y  
e x p e n d i tu r e  a n d  to ta l  e n e r g y  in ta k e  d e r iv e d  from them .
S tu d y  No.* "UNU" "UNU" e n e r g y  "UNU" e n e r g y
S u b jec t  No. BMR in ta k e  fa c to r  e x p e n d i tu r e  fa c to r
21001 1313 2.08 1.98
21002 1684 1.80 1.95
21003 1747 1.68 2.20
21004 1824 1.82 1.65
21005 1638 1.95 1.86
21006 2046 1 .77 1.81
21007 1928 1 .56 2.05
21008 1662 2 .03 1.56
21009 1517 2 .50  2.25
31001 1906 1 .22 1.74
31002 1772 1 .79 1.93
31003 1836 1.58 1.80
31004 1772 2.27 1.59
31005 1656 2 .36 2.25
31006 1616 1.64 1.51
31007 1679 1.85 1.79
31008 1778 1.61 1.57
31009 1836 1.49 1.44
61001 1775 1.59 1.66
61002 1560 2 .06  2.10
61003 1714 1.75 1.90
61004 1370 1.93 2.06
61005 1554 1.62 1.76
61006 1536 2.00 1.99
61007 1520 1.16 1.86
61008 1551 1.82 1.68
61009 1532 1.69 1.57
61010 1572 1.35 1.49
71001 1662 1.26 1.26
71002 1575 1.98 1.46
71003 1819 1.20 1.28
71004 1662 1.64 1.47
71005 1793 1.31 1.31
71006 1645 1.35 1.23
71007 1581 1.40 1.35
71008 1575 1.64 1.49
71009 1540 1.55 1.81
71010 1405 1.83 2.07
81001 1205 1.43 1.79
81002 1344 1.50 1.61
81003 1516 1.41 1-56
81004 1432 M r  i *9081005 1564 1.18 I - 96
♦Steel w o rk e rs  ( 2 .1 ) ,  B u ild in g  w o rk e rs  ( 3 .1 ) ,  e x e c u t iv e s  ( 6 .1 ) ,  c lerica l 
w o rk e rs  ( 7 .1 ) ,  r e t i r e d  men ( 8 .1 ) ,  and  fa rm e rs  o v e r  65. y e a r s  ( 9 .1 ) .
2
A P P E N D I X  III
T able  2 (C o n t in u e d ) :  In d iv id u a l  b a sa l  metabolic r a t e  c a lcu la ted  
from p re d ic t io n  e q u a t io n s  ( FAO/W HO/UNU, 1985) ("U N U ") a n d  f a c to r s  fo r  to ta l 
e n e r g y  e x p e n d i tu r e  a n d  to ta l  e n e r g y  in ta k e  d e r iv e d  from them .
S tu d y  No.* "UNU” "UNU” e n e r g y  "UNU" e n e r g y
S u b jec t  No. BMR in ta k e  f a c to r  e x p e n d i tu r e  fa c to r
81006 1531 1.49 1.67
81007 1396 1.05 1.26
81008 1614 1.55 1.74
81009 1289 1.52 1.60
91001 1610 1.77 2.11
91002 1451 1.61 1.73
91003 1567 2.19 2.01
91004 1444 1.76 1.82
91005 1666 1.34 2.07
♦ S tee l w o rk e r s  ( 2 .1 ) ,  B u ild in g  w o rk e rs  ( 3 .1 ) ,  e x e c u t iv e s  ( 6 .1 ) ,  c le r ica l 
w o rk e r s  ( 7 .1 ) ,  r e t i r e d  men ( 8 .1 ) ,  a n d  fa rm e rs  o v e r  65 y e a r s  ( 9 .1 ) .
A P P E N D I X  III
T able  3: In d iv id u a l  b a s a l  m etabolic r a t e  ca lc u la te d  from p re d ic t io n  
e q u a t io n s  ( FAO/W HO/UNU, 1985) ("UNU” ) a n d  f a c to r s  fo r  to ta l  e n e r g y  
e x p e n d i tu r e  a n d  to ta l  e n e r g y  in ta k e  d e r iv e d  from them .
S tu d y  No.* "UNU" "UNU” e n e r g y  "UNU" e n e r g y













































































♦H ousew ives alone ( 1 .2 ) ,  housew ives  w ith  family ( 2 .2 ) .
A P P E N D I X  III
T ab le  4: In d iv id u a l  b a s a l  m etabolic r a t e  c a lc u la te d  from p re d ic t io n  
e q u a t io n s  ( FAO/W HO/UNU, 1985) ("UN U ” ) a n d  f a c to r s  fo r  to ta l  e n e r g y  
e x p e n d i tu r e  a n d  to ta l  e n e r g y  in ta k e  d e r iv e d  from them .
S tu d y  No.* "UNU" "UNU” e n e r g y  "UNU” e n e r g y
S u b je c t  No. BMR in ta k e  f a c to r  e x p e n d i tu r e  f a c to r
32001 1353 1.49 1.49
32002 1547 1.27 1.50
32003 1437 1.24 1.52
32004 1204 2 . 2 0 2.14
32005 1350 1.77 1.51
32006 1349 1 . 6 8 1 . 8 8
32007 1442 1.59 1.63
32008 1589 1.41 1.51
32009 1362 1.42 1.49
32010 1428 1.55 1.57
32011 1579 0.51 1.58
32012 1341 1.47 1.60
32013 3341 1.64 1.87
32014 1385 1 . 1 1 1.78
32015 1466 1.46 1.54
32016 1449 1.29 1.60
32017 1294 2 . 2 2 1.56
32018 1460 1.69 1.48
32019 1623 1.84 1.84
32020 1419 1.28 1.65
42001 1326 1.36 1 . 6 6
42002 1216 1.19 1.63
42003 1278 1 . 6 8 1.65
42004 1271 1.35 1.57
42005 1408 1.69 1.70
42006 1314 2.39 1.76
42007 1255 2.16 1 . 8 6
42008 1600 1.78 2.09
42009 1329 1.82 2.55
42010 1388 1.70 2.07
42011 1373 1.08 1.58
42012 1489 1 . 2 1 1.76
42013 1308 1.74 1.84
42014 1607 1.38 1 . 8 6
42015 1481 1.56 1.78
42016 1384 1.63 1.74
2w ing  w o rk e rs  ( 3 .2 ) ,  b a k e r y  w o rk e rs ( 4 .2 ) .
Ig l a s g o w
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